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DISCLAIMER 


This report was prepared for the Ontario Ministry of, the 
Environment as part of a ministry-funded project. The views and 
ideas expressed in this report are those of the author and do not 
necessarily reflect the views and policies of the Ministry of the 
Environment, nor does mention of trade names or commercial 


products constitute endorsement or recommendation for use. 
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EXECUTIVE SUMMARY 


fhis study identifies the air quality, health and environmental 
benefits expected from implementation of proposed revisions to 
Regulation’ 308. The study covers 96 contaminants emitted by over 
3,500 establishments in 48 industries across Ontario. Benefits 
are estimated under five scenarios for implementation of the 


proposed revisions. 
The public benefits of reduced contaminant emissions depend upon: 


the contaminant whose emissions are reduced; 

the change in concentration of that contaminant at each 

jalan eh et | 

the population and environmental resources in the areas 
where concentrations are reduced; and 

the human health and environmental responses to the reduced 


concentrations. 


The study is an ambitious attempt to grapple with a problem at 
the frontiers of industrial chemistry, health risk analysis and 


economics. 


Data on estimated annual emissions by contaminant for each 
economic sector, under the present regulations and under the five 
scenarios for implementation of the proposed revisions to 
Regulation 308, were provided by a related study. The emissions 


data cover only 54 of the 96 contaminants. 


The dispersion of those emissions is estimated by the new models 
developed by the Ministry of the Environment for use with 
Regulation 308. This allows us to identify the population and 


environmental resources exposed to emissions of each contaminant. 


sing 
Reduced concentrations resulting from lower emissions due to 
implementation of the proposed revisions to Regulation 308 yield 
public benefits in the form of: . 
ae 

lower risk Of mortality; 

systemic health benefits; 

fewer exposures to above health threshold concentrations of 

contaminants; 

improved visibility; 

less materials damage; and 

smaller areas of agricultural land exposed to above 


threshold concentrations of contaminants. 


Coverage of these benefits is incomplete because our knowledge of 
the effects of a contaminant is often limited. Possible 

benefits related to animal (domestic and wildlife) health, 
commercial forest areas, wilderness areas, aquatic toxicity, 
surface water and odour are not estimated due to data or 
methodological limitations. As a result, the benefits are 
understated. 


In most cases the analysis is based on emissions from 
Regulation 308 Sources alone. This also tends to underestimate 
the benefits. Non-Regulation 308 source emissions are 
approximated for six contaminants, thus providing more accurate 
estimates of the benefits of the proposed revisions to 


Regulation 308 in those cases. 


The annual reduction in mortality is estimated to be between 
133 and 372 persons per year depending upon the implementation 
scenario. The economic value of this reduction in mortality is 


estimated to be between $0.3 and $2.6 billion annually.1! Reduced 


~ All monetary amounts are 1986 Canadian dollars. 


af eliah 
emissions of sulphur dioxide are the source of most of this 


benefit. 


Systemic health benefits for which an economic value can be 
calculated are due primarily to reduced hospitalization. These 
benefits are estimated at $0.004 to $0.050 billion annually. 


CUrrentiy, we contaminants exceed health threshold concentration 
levels in some area of the province. The proposed revisions to 
Regulation 308 eliminate, or significantly reduce, the population 
exposed to above-threshold concentrations of these contaminants. 
We have no basis for estimating an economic value for these 


reduced exposures. 


With available information, improved visibility and reduced 
materials damage benefits can only be estimated for nitrogen 
‘oxides and particulate matter. The annual benefit of reduced 
materials damage ranges between $0.2 and $0.9 billion. The 
economic value of improved visibility varies between $1.2 and 
$4.2 billion annually. Eight of the contaminants are identified 
as being potentially harmful to plants. No agricultural areas 
are presently exposed to above threshold concentrations of these 


contaminants. 


The total value of the public benefits for which an economic 

value has been estimated ranges between $1.2 and $4.0 billion 
annually for the least stringent implementation scenario. The 
most stringent implementation scenario yields benefits with an 


economic Value Of S35 s0 LO su sor Lion. per vear. 


The absence of a damage function does not mean there is no 
benefit and the lack of an economic estimate does not mean the 
benefit has no value. The figures presented above apply only to 
those few cases where public benefits can be quantified and 


associated economic values can be estimated. 


iv 


The results provide a rough indication of the nature and 
magnitude of the public benefits attributable to implementation 
of the proposéd revisions to Reculations308.,) (nes, esut relate 
defensible if used properly. They are broad approximations; not 
precise estimates. They are aggregate estimates; details 
relating to individual establishment or specific location are 
inexact. The analysis provides a good overview of a topic where 
previously we had no information. But considerable scope for 


refinement and enhancement remains. 
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120 “INTRODUCTION 


1.1 What We Did 


2 


The ontario’ Ministry of the Environment has proposed stricter 
regulation of air pollutant emissions. The DPA Group was 
commissioned to examine the public benefits of the proposed 
revisions to Regulation 308 under consideration by the Ministry. 


This is the report on that assignment. 


The project was an ambitious attempt to grapple with a problem at 
the frontiers of industrial chemistry, health risk analysis and 
economics. The intent was to get an overview of the nature and 
magnitude of the public benefits attributable to implementation 
of the proposed revisions to Regulation 308. Despite data gaps 
and areas of uncertainty, the results provide aggregate estimates 
of the magnitude and insight into the nature of those public 
benefits. The methodology and data used are not accurate for 
individual establishments nor specific locations. The study 


provides a broad overview rather than detailed analyses. 


The topic is large and complex. The public benefits of reduced 


contaminant emissions depend upon: 
+ the contaminant whose emissions.are reduced; 


the change in concentration of that contaminant at each 


DOlnt: 


the population and environmental resources in the areas 


where concentrations are reduced; and 


. the human health and environmental responses to the reduced 


concentrations. 


2 


This study was designed to cover all industrial point-sources 
coming under Regulation 308 in the entire province. Ninety-six 
aifferent contaminants were analysed. . 

We Perey ved the location of each source and estimated the 
quantity of each contaminant emitted by each source at present 
and under the proposed revisions to Regulation 308. The 
dispersion of each contaminant over the area around its source, 
at present and under the proposed revisions to Regulation 308, 


was modeled to calculate the change in contaminant concentration. 


Next we identified the population and environmental resources in 
the areas of the reduced contaminant concentrations. The reduced 
concentrations of contaminants improve human health and reduce 
damage to the environment. The specific human health and 
environmental benefits due to lower concentrations of each of the 
96 contaminants were jdentified. Where possible we quantified 


and estimated an economic value for these public benefits. 
1.2 Limitations of the Study 


This study is unique in the scope of its coverage. To our 
knowledge no previous study has covered so many different 
chemicals, such a wide geographic area, and such a variety of 
emission sources. Despite the broad scope, the study was 
constrained by a tight time schedule. As a result, we had to 
rely upon readily available secondary information for the 


analysis. 


This project was an ambitious attempt to grapple with a large and 
complex problem under severe time constraints. The results 
provide an indication of the nature and magnitude of the public 
benefits of the proposed revisions to Regulation 308. 


Previously, these were unknown. It is important to remember that 


: 


the results are broad approximations; they provide direction but 


by no means all the answers. 


The results ate defensible, but there is scope for much 
refinement. We are careful to explain what we did at each step 
of the analysis, and why we approached the steps as we did. This 
shows the reader the problems entailed in the analysis, gives a 
sense of the uncertainties involved, and suggests directions for 


future refinement. 


The methodology and data used in the analysis involve many 
uncertainties. The estimated emissions of specific contaminants 
by individual sources, for example, have wide margins of error. 
The locations of emission sources, the characteristics of these 
sources, the dispersion of emissions and the resource exposures 
are other sources of uncertainty. Probably the largest source of 
uncertainty is our extremely limited knowledge of the human 
health and other environmental responses to changes in exposure 
to contaminants. A study such as this can not reduce this source 
of uncertainty. The results are useful, even if only 
approximate, providing one recognizes the limitations. [In 

. particular; the results are not ‘accurate for specific 


establishments and geographic areas. 


The profile of emission sources in the province and the benefits 
associated with control of individual chemicals are of 
considerable interest. The study also provides a methodological 
framework which should prove extremely useful for further 
analysis and upgrading. It provides a context within which more 


detailed analyses and refinements can be undertaken. 
1.3 Organization of the Report 


The report is organised as follows. The core of the report is 
Chapters::2. tows: 


Chapter 2, Definition of the Problem, explains in more detail the 
purpose of the study, its relationship to the other studies 
undertaken atithe same time, the definition of the problem and 


restrictions to the scope of the analysis. 


Chapter 3, Analytical Approach, describes the steps we took to 
progress from the raw data we obtained, or were given, concerning 
emission sources, quantities emitted, dispersion of contaminants, 
human populations and environmental resources affected, and human 
health and environmental responses to reduced concentrations of 


chemicals, to calculate the public benefits. 


Chapter 4, Results, presents the results of our analysis ona 
contaminant by contaminant basis. The specific benefits 
associated with reduced emissions of each contaminant are 


identified. 


Chapter 5, Summary and Conclusions, summarises the results by 
category of benefits and implementation scenario, documents the 
uncertainties, and highlights areas for future research and 


refinement. 
1.4 Appendices 


The remainder of the report consists of appendices which discuss 


some of the analytical steps and data in more detail. 


Appendix A, Economic Valuation of Benefits, explains how changes 
in air quality can be translated into dollar terms and documents 


the values selected for specific benefit categories. 


Appendix B, Economic Sectors, gives an overview of each sector 


considered as a source of emissions in this study. 


8, 


Appendix C, Requiation 308 Contaminants, profiles each of the 
chemicals we were asked to consider. These profiles give details 
of known or suspected effects on human health, agriculture, 
water, and. natural ecosystems, and how the chemicals are 


presently regulated in Canada and in the United States. 


Appendix D, Emissions Data, presents emissions data we were 
provided for each economic sector. These data had to be refined 
as described in Chapter 3 and Appendix E, and to be distributed 


across the individual source establishments. 


Appen@ix E, Speciation Profiles, lists the chemical components of 
Volatile Organic Compound (VOC) and Particulate Matter (PM) 
emissions from each industry. The emissions data are in terms of 
total Voc's and PM. Since the benefits derive from reduced 
exposure to specific chemicals, these broad categories were 


disaggregated (speciated) into their constituent chemicals. 


Appendix F, Dispersion Modelling, explains how the dispersion of 
emissions from point sources was modeled. The model calculates 
the ambient concentrations of a contaminant emitted by a 


_ specified source throughout a 48 km square area. 


Appendix G, Spatial Analysis System, gives details of SPANS, the 
computer-based geographic information system we used in this 
assignment. This system was used to relate the geographic 
distribution of changes in contaminant concentration to the 


population and other environmental resources affected. 


Appendix H, Exposure-Response Functions, describes the equations 
used to calculate specific benefits resulting from reduced 


contaminant concentrations. 


Appendix I, Maps, contains the maps produced by SPANS. A few of 
these maps appear in Chapter 4. 


Appendix J, Emissions Sources, is a list of the individual 


emission sources identified and used in the analysis. 


at i) 
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2.0 DEFINI ION (OF THE PROBLEM 


Zak Background 


WF he Di, 
: 


pupae Cs 
The Ministry ‘of the Environment published a discussion paper on 
air pollution regulation in Ontario in November, 1987.1 That 
document identifies problem areas with the existing air pollution 
legislation and regulations. It goes on to propose reforms that 
would impose direct emission limits on all air pollution sources 


of any appreciable size. 


As part of the review process for the proposed revisions to 
Regulation 308, the Ministry of the Environment commissioned four 
closely related studies to examine different aspects of these 


proposed changes. 
The four studies, undertaken simultaneously, were: 


A study of the contaminant emissions and abatement costs by 
economic sector of the proposed revisions (Senes 
Consurtants, Ural: 


A study of the monitoring requirements and associated costs 


of the proposed revisions (Senes Consultants Ltd). 


. A study of. the economic costs and consequences of 


implementing the proposed revisions (Informetrica Ltd). 


A study of the public benefits of implementing the proposed 


revisions (The DPA Group Inc.). 


1 Clean Air Program, Stopping Air Pollution At Its 


Source, Discussion Paper, Air Pollution-General 
Regulation, (Regulation 308), Ministry of the 
Environment, November 1987. 


8 


This study is closely linked to the first of the companion 
studies. That study estimates current emissions by contaminant 
for each sector, and emissions by contaminant for each sector 
under the proposed revisions to Regulation 308. Those estimates 
of current and potential emission levels are key inputs to the 


analysis undertaken here. 
2.2 The Role of this Study 


The purpose of this study is to identify the air quality, health 
and environmental benefits expected from implementation of 
proposed revisions to Regulation 308. Where possible, these 


benefits are quantified and valued in economic terms. 


The assignment is large and complex. Key data, including the 
amount of each contaminant emitted by each source, are not 
available. The effects of reduced exposure are simply not known 
for many contaminants. Yet insight into the benefits of reduced 
air pollution is essential to a careful assessment of the 


proposed revisions to Regulation 308. 


Despite the large data gaps and areas of uncertainty, this 
analysis provides insight into the benefits attributable to 
implementation of the proposed revisions to Regulation 308. The 
nature of the health and environmental benefits of reduced 
contaminant emissions and their geographic distribution across 
Ontario are documented. The contaminants and sources that will 
contribute most to these benefits are identified. The data gaps 


and uncertainties point to areas for further investigation. 


2.3 Definition of the Problem 


The problem to .be analysed is shown Ln ExXnapitredindé 4\ Leashows ja 
source of contaminant emissions governed by the proposed 
revisions to Regulation 308. These are almost all building 


sources. 


For most contaminants there are other emission sources that would 
not be governed by Regulation 308. These include sources such as 
automobiles, forests (a major source of some types of 

hydrocarbon gases), sources governed by other regulations, and 


emissions from other jurisdictions that enter Ontario. 


The sources of most contaminant emissions are industrial park 
type buildings. Emissions from such sources are dispersed over 
an area of less than 25 km radius. Hence, the concentration of a 
contaminant at any point is largely determined by the dispersion 
of emissions from sources in the surrounding area. The effects 
of a contaminant on humans and environmental resources depend on 
the ambient concentration (the concentration of emissions from 


all sources) to which they are exposed. 


The proposed revisions to Regulation 308 will reduce the 
emissions from the sources to which they apply. The lower 
emissions from these sources will reduce the ambient 
concentration in the surrounding area, assuming that emissions 


from non-Regulation 308 Sources do not change. 


The change in ambient concentration can be estimated from the 
change in emissions from Regulation 308 Sources. However, the 
level of ambient concentration of a given contaminant can not be 
determined without knowing the emissions from all 


non-Regulation 308 Sources. They are usually not known. 
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2.4 Determination of the Benefits of Reduced Concentrations 


The benefits,.of a lower ambient concentration depend upon the 
specific contaminant, the resources it effects, the resources 
present in the area where the air quality is improved, and the 
nature of the relationship between contaminant concentration and 


damages. 


The relationship between a reduction in ambient concentration and 
human health or other environmental benefits usually takes one of 
two forms. The benefits may be a function of the change in 
concentration. Alternatively the benefits may be a function of 
therieve) .ofegncentration ini thersense*thate there -mayy bet no 
observable effects for concentrations below a specific threshold 


value. 


If the benefits are due to the change in ambient concentration, 
it is not necessary to know the concentration due to 
non-Regulation 308 Sources. The benefits can be estimated from 
the change in concentration due to emissions from Regulation 308 
Sources alone. This can be seen in the lower panel of 

Exhibit 2.1. Figure A shows the ambient concentration due to all 
emission sources at various distances from a specific 
Regulation 308 Source. The change in concentration due to 
implementation of the proposed revisions to Regulation 308 is 
shown asA . Figure B shows the ambient concentration due to 
Regulation 308 Source emissions only as one moves away from the 
same Regulation 308 Source. The change in concentration due to 
implementation of the proposed revisions to Regulation 308 is 
again denoted by A and is equal to the change that occurs in 
Figure A. 


Where the benefits are due to reduced exposure to concentrations 
above a threshold level, it is necessary to know the contribution 


of non-Regulation 308 Sources to accurately estimate the benefits 


a2 


of the proposed revisions to Regulation 308. The lower panel of 
Exhibit 2.1 illustrates this point as well. Assume that the 
threshold level above which damage occurs is between Ty, and T5. 
Figure A shows’ that, there are areas of above-threshold exposure 
when all sources are considered. It also shows that 
implementation of the proposed revisions to Regulation 308 would 
eliminate those above-threshold exposures. Thus, implementation 


of the proposed revisions would yield a public benefit. 


If the contribution of non-Regulation 308 Sources is not known, 
as in Figure B, there is no apparent benefit due to 


implementation of the proposed revisions when the threshold level 


is between T,; and Tz. Not knowing the contribution of 
non-Regulation 308 Sources causes us to underestimate the 
benefits of the proposed revisions by assuming there is no 


benefit, when a public benefit does in fact occur. 


If the threshold level above which damage occurs is below T5 
public benefits can be estimated from the concentrations due to 
Regulation 308 Source emissions, although those estimates are not 


accurate. To understand this, assume that the threshold level is 


T3-.«,When all ‘emission sources’ are"considéred (Figure A) 
implementation of the proposed revisions to Regulation 308 yields 
a benefit over the area ba. Revising Regulation 308 would 
eliminate above-threshold concentrations over the area Dawe That 
is the correct estimate of the public benefit due to revision of 
the Regulation. 


If the contribution of non-Regulation 308 Sources is not known 
(Figure B), the benefit of the proposed revisions is estimated to 
yield a benefit over area bp. Note that bp & ba as long as the 
Regulation 308 Source emissions are not eliminated entirely. The 
fact that bp & ba suggests that bp can be considered a lower 
bound estimate of ba. In other words, it suggests that the | 
benefits estimated on the basis of Regulation 308 Source 


al) 


emissions alone (bp) can be considered a lower bound estimate of 


the true public benefit (ba). 


The foregoing:'conclusion is deceptively misleading. The areas 
where the benefits occur (Hajmand taresestimated fo .occunG(bp) are 
different and at different distances from the Regulation 308 
Source. The estimated benefit (bp) is clearly not an accurate 
indicatortof sathembocationvofvdctual benefith (by) aesifythe 
population or environmental resource is more densely concentrated 
in thegestimatedsbenesitearea (bp), then thenyeducedsabove- 
threshold exposures calculated for that area could exceed the 
actual benefits of reduced above-threshold exposures in area py. 
In general, however, we believe that use of concentrations due to 
Regulation 308 Source emissions alone provides a lower bound 
estimate of the magnitude of the public benefits due to fewer 


above-threshold level exposures. 


2.5 Basic Aspects of the Problem 


The basic aspects of the problem are to: 

- identify the contaminants to be studied; 

- identify the locations of the Regulation 308 Sources of each 
contaminant; | 
calculate the emissions by each source at present and under 
the proposed revisions to Regulation 308; 
determine the dispersion of emissions from each source at 
present and under the proposed revisions to Regulation 308; 

. determine the contribution of non-Regulation source 
emissions to the ambient concentration at each point if 
possible; 
determine the human health and other resource benefits of 
reduced concentrations of the contaminant; 
determine the distribution of population and/or 
environmental resources in the areas where contaminant 


concentrations are reduced; 
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calculate the benefits of reduced emissions of the 
contaminant by Regulation 308 Sources; and 
the economic value of these benefits, if possible. 


. estimate 
bo 1s easy to see that with almost 100 contaminants and 
approximately 3,500 Regulation 308 Sources across the province 


the problem is large and complex. 
2.6 Assumptions and Restrictions to the Scope 


To make the analysis manageable it was necessary to make a number 
of assumptions and impose several restrictions on the scope of 
the study. 


. First, the analysis is restricted. to changes in emissions 
attributable to the proposed changes to Regulation 308. 
Other initiatives of the Ministry of the Environment may 
affect some of the same contaminants and sources. The acid 
rain initiative is a particular example. Any emission 
reductions due to those other initiatives are excluded from 
this analysis because they are not benefits attributable to 
the proposed changes to Regulation 308. 


. Emissions from new or expanded public facilities are 
excluded because such facilities come under the 
environmental assessment review process. The consequence 
of such reviews is that public facilities are expected to 
meet the highest environmental standards available. Changes 
in emissions of such facilities are due to the review 


process rather than proposed revisions to Regulation 308. 


. Long range transport of air pollutants is excluded from the 
analysis. The principal contaminants involved in long range 


transport and the major sources of those contaminants are 
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covered by the acid rain initiative rather than the proposed 


revisions to Regulation 308. 


Ozone, a!very important pollutant, is excluded from the 
analysis because its chemistry is too complex to model here. 
Ozone iteélixissnotacmittedstromandustrialj plants? "Et vis a 
"secondary pollutant", formed in the atmosphere from 
volatile organic compounds and nitrogen oxides. These 
interactions are not yet well understood scientifically. 
Ozone is also subject to long range transport, so the 
effects may occur far from the point of precursor 


emissions. 


The analysis is limited to a single year. It simply is not 
feasible, tomforecast, specific rplantylocations,” +plant, sazes, 
population distribution, agricultural activity, forest 


cover, ete? into, the future; 


Reduced emissions outside Ontario (e.g., Quebec) resulting 
from implementation of the proposed revisions to 

Regulation 308 are not counted because they are not benefits 
to. Ontario. 


We assume that there are no chemical interactions among the 
contaminants emitted. The scientific data on the 
interactions of contaminants is so sparse that no other 
approach is feasible. Emissions of a given contaminant are 
Simply converted to concentrations at various distances from 
the source. If chemical reactions occurred, the 
concentrations would be higher or lower than those resulting 
from the emissions alone. 


Benefits of reduced emissions are assumed to be additive. 
If lower acrylonitrile emissions and reduced asbestos 


emissions both result in lower cancer mortality we assume 


16 


that the survivors are not double counted. The available 


information does not permit any other assumption. 


_ The stua@y: deals with exterior air quality. No attempt is 
made to address changes in indoor air quality either at work 
places where contaminants are emitted, or in residential 


areas where they might be deposited. 
2.7 Contaminants Considered 


The Discussion Paper that outlines proposed revisions to 
Regulation 308 includes an appendix that defines proposed ambient 
air standards.2 That appendix lists 244 proposed standards. 
There are multiple standards for some contaminants based on 
different averaging times, seasons and other factors. “instotal 
about 234 a@ifferent contaminants are covered. That number is too 


large to be manageable in this study. 


A list of 93 contaminants was identified in consultation with the 
Ministry of the Environment for the purposes of this analysis. 
Three more contaminants were added later. The final list of the 
96 "Regulation 308 Contaminants" is presented in Exhibit 2.23 ¢aee 
page 133). It includes ten contaminants not included in 


Appendix 2 of the Discussion Paper. 
2.8 Economic Sectors 
We defined a list of economic sectors suspected to emit one or 


more of the 96 Regulation 308 Contaminants. This was done in 


consultation with the Ministry of the Environment and the 


2 Clean Air Program, Stopping Air Pollution At Its 


Source, Discussion Paper, Air Pollution-General 
Regulation, (Regulation 308), Ministry of the 
Environment, November 1987, Appendix 2. : 


Li? 


consultants responsible for the related studies. These economic 


sectors are listed in Exhibit 2.3 (see page 135). 


The starting-point was the activities or processes, such as whey 
drying, painting of automobiles, or incineration of hospital 
wastes, believed to generate one or more of the contaminants of 
interest. However, since much of the technical and economic 
information is collected and organized on the basis of Standard 
Industrial Classification (SIC) definitions, the activities and 
processes of interest had to be linked to SIC categories. In 
many cases the correspondence is very good; cement production 
and petroleum refineries, for example. In other sectors the 
analysisiris) limited, to: part) ofs thes SIC, industryydefinition:, for 
example, open pit mines are distinguished from underground 
operations and fossil fuel fired generating stations are 


separated from other generating stations. 


In a few cases, such as hospital, municipal and industrial 
incinerators, where the SIC classification was not very useful, 


we Simply defined the sector to suit our purposes. 


The result is a structure that closely approximates the emission 
sources of concern and also allows us to draw upon standard 


statistical sources for data. 
2.9 Regulation 308 Implementation Scenarios 


Five implementation scenarios for the proposed revisions to 
Regulation 308 are defined in terms of level of control 
technology and implementation date. The proposed revisions to 
Regulation 308 identify three levels of control technology that 
can be applied to different categories of contaminants. They 
are: 

LAER, or Lowest Achievable Emission Rate (the most stringent 


Form Of comer ola 
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BACT, or Best Available Control Technology; and 


NSPS, or New Source Performance Standards (the least 


stringent:control). 
eS 

The piteneston Paper does not define these levels of control 
explicitly, but suggests that the corresponding control 
technology in the United States provides a useful reference 
point. Senes defined the specific control technologies and 
corresponding emissions that form the basis for this analysis. 
The interested reader is referred to their report for further 


details. 


The implementation scenarios specify the level ofl controly.torbe 
applied to each category of contaminants. Exhibitrcos. 4, sshowsecthe 
proposed level of control for each contaminant type by scenario. 
There are more LAER controls in Scenario B where stringent 
emission controls are considered, and more NSPS controls under 


the less stringent control scenario (Scenario C). 


Scenario D is defined using two levels of control rather than 
three levels as assumed in Scenario A. In practice Scenarios A 
and D are the same. The contaminants governed by less stringent 
controls in Scenario A are usually found in emission streams to 
which more stringent controls must be applied, so they are also 
controlled at this more stringent level. Scenario E is the same 
as Scenario A except for the implementation schedule. The 
estimated emissions provided by Senes for Scenario E correspond 


to the first phase of the implementation schedule for Scenario A. 


These control scenarios were developed in consultation with the 
Ministry of the Environment. Information on the different levels 
of control technology is available in the MOE Discussion Paper. 
The Senes report specifies the control technology assumed for 
each Contaminant Group ana wicustry sector. It also estimates 


the resulting emissions by contaminant for each scenario. 
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EXHIBIT 2.4% PROPOSED SCENARIOS 
oe A B Cc D 
ae. | imguibankows yy Nulenal= Less 2etier 
SCENARIO. . + ie Stringent Stringent 
CONTAMINANT GROUP 
Volatile Organic 
Compounds 
Chlorinated LAER LAER BACT LAER 
Aliphatics NSPS BACT NSPS BACT 
Aromatics ; BACT LAER NSPS BACT 
Esters/Alcohols/ 
Esthers/Aldehydes/ 
Ketones BACT LAER NSPS BACT 
Mercaptans NSPS BACT NSPS BACT 
Particulates Associated 
Organics LAER LAER BACT LAER 
Metals LAER LAER BACT LAER 
Other Particulates BACT LAER NSPS BACT 
Semi-Volatile Organics BACT — LAER NSPS BACT 
Pesticides BACT LAER NSPS BACT 
Corrosives 
Acids BACT LAER NSPS BACT 
Bases | BACT LAER NSPS BACT 
Other BACT LAER NSPS BACT 
Other BACT LAER NSPS BACT 
IMPLEMENTATION 
SCENARIO Rep, CoD Ee 
New Facilities 1989 1989 
Existing Facilities 
Contaminant Group: 
LAER 1994 2004 
BACT 1994 2009 
NSPS °1999 2014 


* 
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2.10 Limitations of the Data 


The exercise ‘was severely constrained by available information. 
The short time available for the study restricted us to readily 


accessible data. 


Data on current and projected emissions of each contaminant 
by establishment are not available and had to be estimated 
for 96 contaminants emitted by 2,185 industrial 
establishments, 1,200 dry cleaners, and 200 restaurants with 


charcoal barbecue facilities across Ontaric: 


Data on the concentrations due to emissions from 
non-Regulation 308 Sources are extremely limited. Yet these 
are essential to the determination of health and 
environmental effects related to the ambient concentration 


Of 4 Specific Contaminant. 


Health and environmental effects associated with specific 
ambient concentrations are uncertain for all listed 


chemicals and unknown for many. 


While the principles of economic valuation of public 
benefits are widely accepted, empirical estimates are 
lacking for many benefit categories and subject to wide 
variations for other benefits. 


Many approximations, estimates and assumptions are needed to 
complete the analysis. An analysis of the impacts of such a 
large number of facilities and contaminants would not be feasible 
otherwise. 


3.0 ANALYTICAL APPROACH 


3.1 Overview 


SE ecco 


An overview’ of the steps in the analysis is provided in 
Exnidbit<3:1.1u .Briefly, the..steps fare geo: 
identify the locations of the Regulation 308 Sources of each 
contaminant; 
adjust the sectoral emissions data received from Senes 
Consultants; 

. Speciate the VOC and PM emissions by sector; 

. Calculate the emissions by each source at present and under 
the proposed revisions to Regulation 308; 
determine the dispersion of emissions from each source at 
present and under the proposed revisions to Regulation 308; 

. Getermine the contribution of non-Regulation source 
emissions to the ambient concentration at each point, if 
possible; 
determine the human health and other resource benefits of 
reduced concentrations of the contaminant; 

. Getermine the distribution of population and/or 
environmental resources in the areas where contaminant 
concentrations are reduced; 
calculate the benefits of reduced emissions of the 
contaminant by Regulation 308 Sources, if possible; and 


estimate the economic value of these benefits. 


The balance of the chapter discusses these steps in more detail. 
Further information on some of the steps is provided in the 


appendices. 
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EXHIBIT 3.1: ANALY TICAL APPROACH 


LOCATE ADJUST. SECTORAL ‘ 


EMISSIONS EMISSIONS DATA 


SOURCES | 


SPECIATE VOC's AND 
PM TO INDIVIDUAL 
CONTAMINANTS 


| 


ESTIMATE CONTAMINANT 
EMISSIONS BY LOCATION 


| 


DISPERSE CONTAMINANT EMISSIONS 
FOR ALL LOCATIONS 


| 


ADJUST CONCENTRATIONS FOR DETERMINE HEALTH 
EMISSIONS FROM NON-308 AND ENVIRONMENTAL 
SOURCES EFFECTS BY 


CONTAMINANT 


RELATE REDUCED CONCENTRATIONS 
TO "RESOURCES AFFECTED 


NON-3808 AMBIENT - NON-308 AMBIENT 
INFORMATION INFORMATION NOT 
AVAILABLE AVAILABLE 
DETERMINE WHERE TOTAL ARP LY, DETERMINE 
AMBIENT EXCEEDS EXPOSURE-RESPONSE RESOURCES AT 
ADVISORY THRESHOLDS FUNCTIONS RISK 


CALCULATE ECONOMIC 
VALUES 
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It is important to appreciate that the analytical steps taken 


varied according to the data available on: 


; emissions of the contaminant in question from Regulation 
308 Sources; _ 

- ambient concentrations of the contaminant from non- 
Regulation 308 sources; and 


health and other effects of the contaminant. 


Most significantly, ambient concentrations of contaminants from 
non-Regulation 308 sources were only available for a few 
contaminants. This meant that some steps described could not be 
undertaken (i.e., those relating to determination of ambient 
concentrations from all sources and the changes in these 
concentrations attributable to reduced emissions from 


Regulation 308 Sources). 
3.2 Locations of Sources of Regulation 308 Contaminant Emissions 


As indicated in Exhibit 2.3, the analysis covers 44 economic 
sectors or subsectors with 2,185 industrial establishments, 
1,200 dry cleaning establishments and 200 restaurants that 
barbecue with charcoal. The analysis requires that the location 
of each source be specified. The economic sector of each source 
must be known so that the correct emissions profile can be 
assigned. An indicator of the size of the source must also be 
obtained, so that the estimated emissions for the sector can be 


apportioned across the establishments in that sector. 
ares 2 rige yao OUrces 


We used two principal sources to identify locations and sizes of 


establishments in each sector. These sources are: 
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the Made in Ontario data base compiled by the Ontario 


Ministry of Industry, Trade and Technology; and 


cane listing of establishments purchased from Statistics 


Canada. 


The Made in Ontario data base includes the firm name and address 
as well as the 1980 SIC code and level of employment. The 
Statistics Canada listing includes the firm name, municipality, 
1980 SIC code and employment size category. Employment was 


estimated as the mid-point of the size category. 


We took care to eliminate entries that appeared in both sources. 
Given duplicate entries, we used the more specific information 
from the Made in Ontario data base. Head office locations with 
no associated production facilities were also eliminated. 
Finally, we compared the list of establishments and profile of 
each sector with profiles prepared for other purposes to ensure 


that our list was reasonably complete. 


A definition of each economic sector, the data sources used, the 
contaminants emitted, the method.of allocating sector emissions 
to individual establishments and a map showing the locations of 
the establishments is attached as Appendix B. A list of the 
individual establishments is provided in Appendix J. 


3.2.2. ebocatvons 


The Made in Ontario establishments were plotted on the spatial 
analysis system at the postal code centroid. The Statistics 
Canada establishments were plotted at the census sub-division 


centroid. for the municipal icv. 


To facilitate the analysis, a four kilometre grid was created for 


the entire province. Each establishment was moved from the 
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postal code or census sub-division centroid to the nearest grid 


pointe(@essethanea kmn)e cThis dsiwithinethehmarginvof error 
associated with the original -- postal -code or census 
sub-division-Gentroid -- location. In some cases, notably in the 


Toronto area, this system led to high numbers (over 10) of 

establishments located at the same grid point. We contacted the 
largest plants in these concentrations to obtain a more accurate 
positioning for them. Where appropriate, the’ larger firms were 


repositioned to other points on the grid. 


The locations of the 2,185 industrial establishments are shown in 
Exhibit 3.2. The map also shows population density by census 
sub-division. It is immediately evident that the establishments 
are concentrated in the more populous parts of the province. 

This suggests that the principal benefits of reduced emissions 
will relate to human health. 


3.3 Adjustments to Sectoral Emissions Data 
3.3.1 Senes Emissions Data 


The emissions data on which this report is based were supplied to 
us by Senes Consultants Ltd. The data set we were given is 
reproduced in Appendix D. The interested reader is directed to 
the Senes report for a discussion of the derivation of their 


emissions estimates: 


Senes provided us with estimated annual emissions by contaminant 
for each economic sector under the present regulations and under 
the five scenarios for implementation of the proposed revisions 
to Regulation 308. We had to adjust to these data in several 
ways to meet the needs of our analysis: 
. the capacity utilization assumed had to be changed; 
the emissions rate had to be changed from tonnes per year to 


grams per second; 
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. the composite categories of PM and VOC's had to be 
disaggregated into their constituent chemicals; and 
. the emissions had to be apportioned among the individual 
sources-"ih the sector. 


These adjustments are described below. 


3.3.2 Capacity Use Assumptions 


The contaminant emissions estimated by Senes assumed operation 
either at the rated capacity level (i.e., potential full 
production) or at the current level of capacity use (i.e., actual 
production). Benefits derive from changes in exposure. The 
change in exposure must be calculated from actual emissions. 
Hence, we based our analysis on emissions at actual or normal 
levels of capacity utilization. Senes provided us with 
information on their capacity assumptions by SIC. We converted 
all contaminant emissions from full to actual production levels 


where necessary. 


For industries where no production level information was 
provided, we used the 1984 to 1986 average yearly level of 
“capacity use available from Statistics Canada's Capacity 
Utilization Rates in Canadian Manufacturing. The Statistics 
Canada data were used for the allied paper products industries, 
the chemical fertilizer industry, the paint and varnish industry, 
the adhesives industry or for the chemical products industry 

(not elsewhere classified). Capacity utilization is not relevant 


for dry cleaning establishments and restaurants. 
3.3.3 Conversion of Emission Rate 


To be consistent with the dispersion model, we needed to convert 


contaminant emissions from tonnes emitted on a yearly basis to 
PMH Hives AEH AHL AM Mh mad ited LT dd 
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assume that all establishments operate 24 hours per day for 


365 days per year. 


Conversion ofthe contaminant emission rate involved the 

conve nedonues tonnes to grams (multiply by 1, 00031000) pand 
dividing by the number of seconds an industry operates per year 
(365 operating days per year x 24 hours per day x 3,600 seconds 
per hour = 31.536 million). Thus, contaminant emissions 
expressed in tonnes per year are converted to grams per second by 


dividing by 31.536. 


In principle it is possible to designate each sector or 
establishment as normally working one, two or three shifts per 
day. The dispersion model could then be run with emissions 
restricted to the working hours. To calculate the annual average 
ambient concentration an emission rate of zero would be assumed 


during non-operating hours. 


In our judgement the annual average ambient concentration 
calculated in that manner differs little from the annual average 
ambient concentration calculated under the assumption that the 
establishment operates continuously. To capture any differences 
of this sort would involve three times as much dispersion 
modelling, efforte sq That yexira effort can not be justified as long 
as the effects are being assessed from annual average ambient 


concentrations. 


3.4 Speciation of PM and VOC's to Constituent Chemicals 


3.441) Speciation of PMiand Wocis 


One of the challenges in this project was to disaggregate PM and 
voc's emissions into their individual chemical constituents. 
These broad categories include dozens (PM) or hundreds (VOC) of 


different chemicals. 


rae | 


Reduced emissions of particulate matter, regardless of the 
composition, can yield health (respiratory problems, eye 
irritations étc.) and other (soiling, visibility reduction) 
benefits. But most health and environmental benefits derived 
from reduced emissions of PM's and VOC's result from lower 
concentrations of specific chemicals. Thus, the composition of 
the Voc and PM emissions must be determined so that the changes 


in emissions of specific chemicals can be examined. 


The only source of detailed data on the composition of VOC's and 
PM's is the United States Environmental Protection Agency's 
(EPA), National Emissions Data System (NEDS). In the NEDS data 
base each U.S. SIC is divided into processes which are regarded 
as sources of emissions and are assigned a. unique Source 
Classification Codes (SCC). Profiles of PM and VOC emissions are 
available from NEDS by SCC. 


To use the SCC information on PM and VOC composition we needed 
SOx 


select the SCC's that correspond to each of the Canadian 


industries or industry segments covered by this study; 


ensure that the SCC's selected correspond to the processes 
and emissions estimated by Senes. In some industries this 
meant that we had to adjust for different boiler fuel use by 


Ontartovandal: $4 Léarmseeyeand 
. aggregate the SCC profiles of PM's and VOC's into profiles 
corresponding to the Canadian SIC codes covered by this 


study. 


Our approach to each of these steps is documented in Appendix E. 
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The PM and voc speciations for the Canadian SIC codes used bit 


this analysis are also provided in Appendix E. 


3.4.2 Non-Regulation 308 Chemicals 


The profiles break down the PM and voc emissions into their 
constituent chemicals. Some of those constituent chemicals are 
Regulation 308 Contaminants. Others are not on the list of 

96 chemicals we were asked to consider. Each profile shows the 
percentage contribution of each Regulation 308 Contaminant and a 


percentage for "other" chemicals making up the balance of the 


profile. 
This "other" category typically accounts for most -- usually over 
60 per cent -- of the PM and VOC emissions in a sector. The 


relatively large size of this "other" category raised the concern 
that potentially harmful contaminants were being overlooked. To 
allay this concern we provided a list of all voc and PM chemicals 
on the NEDS database to the Ministry of the Environment for 
review. The Ministry was satisfied that the list of contaminants 
originally specified identified the chemicals of concern. 
However, this review did lead to the addition of three chemicals 


to the list of contaminants. 


Thus, the Nother" category can be considered to consist of 
relatively harmless chemicals. The steps taken to sate eke 
emissions of the more hazardous chemicals Lr cite voc and PM 
streams will have the effect of lowering emissions of these more 
benign constituents as well at no additional cost. Because Of 
the relatively benign nature of these "other" chemicals no 


benefits are deemed to be derived from their curtailment. 
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3.5 Individual Establishment Emissions 


Emissions by a given establishment are estimated from the total 
emissions for ‘the sector using a measure of the size of the 

GaGa laity. “Total emissions for the sector are apportioned among 
the individual establishments in the sector on the basis of the 
selected measure of size, usually employment. All restaurants, 
dry cleaning establishments, poultry processing plants, mobile 
asphalt paving plants and different categories of waste disposal 
facilities are assumed to be of equal size. In the electric 
power generation sector, capacity is used to apportion the 
emissions. However, employment is the most widely used indicator 


of establishment size. 


The assumption that emissions per employee are equal for all 
establishments in a given sector is obviously an approximation. 
Employment is the only readily available indicator of size and so 
is the only variable available for adjusting emissions to reflect 
establishment size. The allocation only occurs across 
establishments within a given economic sector. Thus, it reflects 
the likelihood that a plant with the same capacity as another, 

' yet with a smaller workforce, will tend to be more modern and 


probably have better pollution control technology. 


It is important to understand that the emissions for each 
establishment are crude estimates based on sector profiles and 
employment levels or other rough measures of size. They are not 
based on actual emissions inventories, nor monitoring data. The 
emissions profile for each sector reflects the pollution control 
measures in general use in that sector around the province. But 
the estimated emissions for an individual establishment do not 
reflect the specific pollution control measures that may be in 


place at that establishment. 
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The estimated reduction in emissions resulting from 
implementation of the proposed revisions to Regulation 308 are 
assumed to occur proportionally at every establishment in the 
sector. Each’ igource is estimated to reduce its emissions from 
the Naverage" level for the sector to the level anticipated "after 
implementation of the proposed revisions to Regulation 308. This 
assumption ignores the specific pollution control measures that 
may be in place. The implementation scenarios also assume that 
all establishments comply fully with the revisions to 


Regulation 308. 
3.6 Dispersion Modeling 


When a contaminant is emitted by a source, it is dispersed over 
the surrounding area. A dispersion model is used to calculate 
annual average ambient concentration attributable to the 
emissions from each source. The Ministry of the Environment's 
new dispersion models developed for use with Regulation 308 were 
used for the analysis.? These models cover an area 24 km in each 


direction from the source. 


Climatic conditions and source characteristics play major roles 
in determining the concentrations at any point in the deposition 
area. The data sources used and assumptions made with respect to 
these variables are discussed in Appendix F and are summarized 
below. 


3.60r" Climatological Data 


We used a "pre-public-release" version of the Ministry's GAS 
model for the dispersion modelling. The climatological data it 


requires as input include both surface observations and upper air 


a SOhitavsia MiNistey aF Bhea Davirednment, 1967. Ai* 
Pollution Regulation 308, Appendix H: Air Pollution - 
General Regulation Modelling Proposals. 170 pp. 
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observations. There is no single station in the southern part of 
Ontario that has all of the information needed. The upper air 
data had to be: obtained for U.S. and Quebec’ stations. They were 


then matched -with surface observations for Ontario stations. 


There are 32 hourly observing stations with sufficient record for 
climatological analysis. On the basis of similarity of weather 
conditions and proximity to Regulation 308 emission sources, 
fourteen were selected to represent weather conditions across the 
province. A representative year was identified, U.S. or Quebec 
upper air observations were matched to each station and the 
dispersion pattern calculated for each of these fourteen 


stations. 
34 6.2--EmissionsSources Characteristics 


Of the several thousand commercial emissions sources in Ontario 
subject to the proposed revisions to Regulation 308, by far the 
most numerous are building sources. Such sources are generally 
defined as sources from which fugitive emissions emanate or stack 
emissions emerge at elevations less than twice the height of the 


“purlaings 


To precisely model emissions from such sources the exact 
dimensions of the building and the stack must be known. For this 
study, no information was available on building or stack 
dimensions for any source. To estimate ambient concentration, 
each source was assumed to be a building of 7 m height and 100 m 
width with a stack of less than 14 m elevation, emitting 
pollutants at 0 velocity and at ambient exit temperature. . Such a 


building is. a typical 'tindustrial park" source. 


These source characteristic assumptions lead to very high 
ambient concentration uncertainties (i.e., order of magnitude) 


within 500 m of the source for buildings of other configuration. 
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Reasonable concentration estimates are achieved beyond 


500 metres. 
3.6.3 The Receptor Grid 


The Ministry's program was used to generate a receptor Ciuad 
network from 0 to 24 km of 2 km resolution. A finer grid of 

500 metre and 1,000 metre grid points was added to permit better 
resolution in the near-source area where most of the impact of 


building sources is felt. 


The source characteristic are assumed to be the same for all 

1.4 Wpatkcerns..) sAn emission rate of one gram per second is used in 
each case. "Since the modelvis! linear with respect to dispersion, 
the calculated concentration at each grid coordinate is scaled by 
the emission rate for the specific source. For example, if the 
concentration at twelve kilometres due east of the source is 
calculated by the model to be 0.0158 micrograms per cubic metre 
and a given source emits a contaminant at a rate of five grams 
per second then the ambient concentration twelve km due east of 


that source will be 0.0790 micrograms per cubic metre. 


The number of data points associated with a 2 km grid was 
unmanageable. The dispersion data were therefore adjusted to a 
A hoar Grids Lis is scle® within the margin of accuracy of the 


establishment locations. 


The emissions of a contaminant were plotted as concentration 
values at the grid points around each source. Where emissions 
from two or more sources resulted in concentrations at the same 


Grid point, che concentrations were added. 
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3.7 Ambient Concentrations 


Most of the contaminants studied are also emitted by sources 
other than'tké' specified industries. To calculate benefits it is 
sometimes necessary to know the change in the ambient 
concentration from all sources likely to occur as a result of 
implementation (in respect of some sources) of the proposed 


revisions to Regulation 308. 


The only available source of information on the ambient 
concentration from all sources is monitoring information. To get 
the change in total ambient concentration for a contaminant 
resulting from implementation of proposed revisions to 

Regulation 308, it is necessary to relate monitoring results to 
predicted current emissions from Regulation 308 Sources. This 
gives an estimate of the ambient concentration attributable to 
non-Regulation 308 sources at each station. The estimated 
ambient concentration due to other sources will not change as a 
result of revisions to Regulation 308. It is assumed to remain 


constant for all implementation scenarios. 


‘3.7 el Monitoring. Data 


The Ministry of the Environment operates two networks of 
monitoring stations#ein Ontario. Stations on one network are 
located close to emission sources. Stations on the other network 
are designed to provide information about long range air 
pollution (for example, on acid rain) and are distributed across 
the province, so many are located in more rural areas. Locations 


ofnthei monitoring stattonssarevsnown an) Bxhibit.3).32 


Of the 96 contaminants we were asked to consider, monitoring data 
are available only for cadmium, chromium, lead, manganese, 
nickely, slhiphunmadioxide, PM*and) total voces: 
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The monitoring’ data are point data, i.e., ambient concentrations 
at the monitoring station locations. Using the dispersion 
modelling results, we determined the concentration of a 
monitored contaminant from Regulation 308 Sources at each 
monitoring station. We subtracted this concentration due to 
Regulation 308 Sources from the ambient concentration at the 
monitoring station. The result was a "residual" value for 
ambient concentration of the contaminant due to non- 


Regulation 308 Sources at each monitoring station. 


Not; surprisingly jscthis..subtraction. did.not, lead to.uniform 
"residual" figures at all monitoring stations. This is partly 
due to the inherent inaccuracies in data and modelling of 
Regulation 308 Source emissions. It also reflects the fact that 
residual ambient values will vary according to where one is in 
the province. For example, the non-Regulation 308 Sources may be 
Significantly different in rural and urban areas. For each 
contaminant, except sulphur dioxide, we added the maximum 
"residual" value from all monitoring stations to the estimated 


‘concentration due to emission from Regulation 308 Sources. 


This maximum residual was added to the concentration due to 
Regulation 308 Source emissions under existing regulations, and 
under each implementation scenario for the proposed revisions to 
Regulation 308. The result was an upper bound estimate of total 
ambient concentration of the contaminant at all relevant points 
on the grid map for each implementation scenario. These ambient 
concentrations were compared to the health effect threshold 
values to determine the public benefits of the proposed revisions 
to Regulation 308. The population exposed to above threshold 
concentrations was reduced to nil under at least one scenario for 


cadmium, lead, manganese, and nickel, but not for chromium. 
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The above procedure could not be used with sulphur dioxide 
because many monitoring station readings for sulphur dioxide 
exceed the specified threshold. A number of the calculated 
residuals Likéwise exceed the specified health threshold. Using 
tha maximum residual value raises the ambient concentration in 
all areas above the threshold under all scenarios. Instead we 
used several different values of the residual concentration for 


SUIlDhUL a1TOx 1des 


3.7.3 Particulate Matter and Volatile Organic Compounds ig 
Ambient jel 


Many monitoring stations measure aggregate PM and VOC's. voc's 
form part of total reactive hydrocarbons (RHC's) in monitoring 
station data. It should be possible to speciate these PM and 
voc readings in much the same way as we speciated emissions data 
(see Section 3.4 and Appendix E). However, we aid ‘not have 
sufficient data for non-Regulation 308 emission sources to ido 
this in a way we could consider comparable to the speciated 
emissions data for Regulation 308 Sources. AS a result “these 
of monitoring data to reflect the Contribution joOeencon] 
Regulation 308 Source emissions is limited to cadmium, chromiun, . 


-lead, manganese, nickel and sulphur dioxide. 
3.8 Contaminant Profiles 


A full profile of the human health and environmental impacts of 
each contaminant is given in Appendix C.. Based ona 
comprehensive literature search, each profile provides a summary 


of all that is readily known about: 


. the contaminant's cancerous and systemic human health 
effects; 
. current and proposed air quality standards {forsee 


contaminant in Ontario and the U.S.; 
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. ambient air levels (i.e., maxima) for the contaminant in 
various states in the U.S.A.; 

: workplace advisory standards for the contaminant; 

. the contaminant's effects on atmospheric visibility and 
odour; 

. the contaminant's effects on animals, plants 
(phytotoxicity), and surface water ecosystems; and 
materials damage (e.g., soiling) that the contaminant may 


cause. 


As the gaps in the profiles show, the data on impacts are far 


from complete. 


The impacts expected for each contaminant are summarized in 
Exhibit 3.4 (see page 138). The best and most extensive 
information relates to human health impacts. This is reassuring 
in that the locations of Regulation 308 Sources suggest that 
human health will be one of the major benefits of reduced 


emissions. 


3.9 Mapping Resources at Risk 


3. 93a. “EherSPANS System 


AWVital +: tool-Torerour analytical work was SPANS, or "spatial 
analysis system". SPANS' specialty is analysis and manipulation 
of spatial data. That is, data which relate to points or areas 
on maps, such as the distribution of natural resources or 
atmospheric pollutants across Ontario. It was ideally suited to 


this assignment. 


Having determined the concentration of a contaminant at each grid 
pointysit avs necessary to relate that information to the 
resources at risk. There were over 15,600 points on our 4 km 


grid with an estimated concentration for at least one 
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contaminant under at least one scenario. A map of 4 km squares 
(16 km“) was created with a grid point as the centroid of each 
square. The estimated concentration at the grid point was 


assumed to.apply to the surrounding square. 


The resources at risk include humans, crops, livestock, forests 
and surface water. Maps of these resources were purchased from 
various sources and converted to SPANS format. The system was 
then used to relate the change in concentration of a contaminant 
in a given square to the affected resource(s) insthat ssquane. eeby 
doing this for all 15,600 squares for each contaminant for all 
affected resources we were able to determine the public benefits 
associated with implementation of the proposed revisions to 
Regulation 308. Results of the analysis are presented as maps 


and summary tables. 


3.9.2 Use of SPANS in the Analysis 


Three different analyses were performed, depending upon the 


information available: 


. estimated concentrations from Regulation 308 Sources only; 
estimated ambient concentrations from all sources; or 


. an exposure-response function. 


Further information on SPANS and how we used it in these analyses 
is provided in Appendix G. | 


In the first case, the dispersion pattern for the contaminant 
from Regulation 308 Sources only is superimposed on the 
appropriate environmental resource(s), usually population. The 
resources exposed to above threshold concentrations of the 
contaminant at present and under each implementation scenario are 
calculated. Since the contaminant concentrations are those due 


to Regulation 308 Sources only, the reduction in resources 
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exposed to above threshold concentrations is a minimum estimate 
of the reduction in the resources at risk due to implementation 
of the proposed revisions to Regulation 308. 

For the six contaminants where the total ambient concentrations 
are available, the areas that exceed the threshold value for 
observable effects are plotted for the existing situation and for 
each scenario. The difference in the resources exposed to 
above-threshold levels of the contaminant is a measure of the 


public benefits of the proposed revisions to Regulation 308. 


Where exposure-response functions are available, the change in 
exposure from the existing level is calculated for each grid 
Square. This change is multiplied by the population of the grid 
square. These values are summed over all relevant grid squares. 
The aggregate values are used in the exposure-response function 


to calculate the estimated benefits of reduced emissions. 


3.9.3 Change in Concentration by Scenario 


The dispersion pattern is linear with respect to emission rate. 
-In other words, if the emission rate is cut in half, the 
concentration at each point on the dispersion grid is halved. 
Thus, implementation of the proposed revisions to Regulation 308 
does not change the area or population exposed to the contaminant 


whose emissions are reduced. 


The concentrations are reduced at all points in the dispersion 
area, but the dispersion area itself, and hence the resources 
exposed, does not change. As a result we are unable to perform 
any analysis for those few contaminants where we do not have a 
threshold value. The population or other resource(s) exposed is 
the same under every scenario. The concentrations to which the 


resources are exposed are lower, but without knowing the effects 
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of different concentrations it is not possible to establish 


whether or not benefits arise. 
3200 Determination of Public Benefits 


Owing to gaps in the data, we could not provide the same 
evaluation for all of the 96 Regulation 308 Contaminants. The 
following sections describe the analysis, according to the 


available data. 
3.10.1 No Emissions Data 


For many (42) contaminants no emissions were estimated. In 
those cases we were unable to evaluate the benefits of proposed 
changes to Regulation 308. The reasons why no emissions were 


estimated for these contaminants are given in Section 4.1. 
3.10.2 Emissions But No Ambient Data 


In most cases (48) we had estimated emissions for a contaminant, 
but no monitoring data to provide information about total ambient 
concentration. In these cases we were able to perform two 
analyses: | 


. the population or environmental resources exposed to 
contamination by emissions from Regulation 308 Sources 
under the various scenarios is compared with the current 


situation. 


We are able to show where changes in exposure would occur. 
These reduced exposures are not necessarily benefits. The 
ambient concentrations might be lower than the threshold 
values at which observable effects occur in all areas at 
present. In that case there are no benefits to reduced 


contaminant emissions. This leads to the second analysis. 
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. the population or environmental resources exposed to 
contamination by emissions from Regulation 308 Sources under 
the currént situation and each implementation scenario is 
compared to the threshold value at which observable effects 


Occur. 


If the current emissions from Regulation 308 Sources do not 
exceed the threshold, no further conclusions can be drawn. 
If the threshold is exceeded, the reduction in population or 
environmental resources exposed to above threshold values of 
the contaminant is a minimum estimate of the public benefit 


of the proposed revisions to Regulation 308. 
3.10.3 Ambient Data Available 


In the case of six contaminants we were able to use monitoring 
data to estimate the total ambient concentration. As described 
in Section 3.7.2 the monitoring data were used to calculate a 
residual concentration due to non-Regulation 308 sources at each 
station. The maximum residual value was then added to the 
estimated concentration due to Regulation 308 Source emissions 
under all scenarios. If the current ambient concentrations do 
not exceed the threshold value, no public benefits are 
attributable to the reduced emissions resulting from 


implementation of the proposed revisions to Regulation 308. 


If the ambient concentration exceeds the threshold, the reduction 
in population or other resources exposed to above threshold 
values is an upper bound estimate of the public benefit of 


implementation of the proposed revisions to Regulation 308. 


The threshold value is usually equal to the Ministry of 
Environment Standard proposed to be established under 


Regulation 308. It is important to remember that these standards 
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are of the often based on very limited data. Some MOE standards 
differ very considerably (in some cases conservatively, in others 
liberally) from comparable U.S. standards. 


; at EN 


SOs Exposure-Response Relationships 


The relationship between exposure to a contaminant and the 
consequent damage is called an exposure-response PuNnCCION. = t)nece 
relationships, where available, are included in the contaminant 


profiles in Appendix C and, more explicitly, in Appendix H. 


Exposure-response functions are available for cancer for many 
contaminants. Functions are also available for non-cancer health 
effects for nitrogen dioxide, sulphur dioxide and particulate 
matter. Visibility effects and materials damage fuNnCccCIONSey ase 


available for nitrogen dioxide and particulate matter. 


The absence of an exposure-response function does not mean CHAC 


health or other effects will not occur. 
3.11 Overall Valuation 


How should the effects of reduced emissions be valued? A 
detailed discussion of this subject is provided in Appendix A. 

In essence the effects are valued by determining how much society 
would be prepared to pay to avoid one death, one asthma attack 


and so on. 


Economic valuation of public benefits such as a reduction in the 
risk of death, improved visibility, lower materials damage and 
higher agricultural yields is in its infancy. Economists have 
worked on some topics such as the value of a statistical life but 


many more remain poorly investigated or completely untouched. 
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Economic values for a reduced risk of death and various health 
benefits are given in Exhibit 3.5. The values are drawn from 
American literature. In the casetof the value of a statistical 
ole ses is-because most of the available studies relate to the 
United States. In the case of the other health benefits, 
American estimates are used because the values are associated 
with exposure-response functions derived for the United States. 
Values are given in 1986 U.S. dollars which are converted to 1986 
Canadian dollars using an average exchange rate for that year. 


Appendix A explains the derivation of these values. 


The reader should recall that the object of this assignment was 
to examine the public benefits of alternative emission 
regulations. We have tried, where possible, to value those 
benefits in dollar terms. However, the fact that a benefit 
cannot be valued does not mean that it has no value. It may have 
great value to society and should be considered just as 
prominently by decision makers as those benefits to which values 


have been assigned. 


Equally, it is not possible to value in dollar terms the benefits 
.of regulating chemicals whose effects are unknown. However, 
regulation may still have value. This may just be the value that 
people will put upon knowing that they or their environment are 


being exposed to less of the unknown. 


EXHIBIT 3.5: \ VALUES USED FOR CALCULATING ECONOMIC MAGNITUDE OF 
_ ‘REDUCED DAMAGES 


? 


n FA 
elas ” : 4 


Value Value 
Benefit Category 1986 U.S. $ . 1986 C $ 
Reduced Risk of 
Death 
central 50007000 63. 9507000 
lower 10007; 000 2 20G7O00 
Emergency Room Visits 
central a Ba) 250 
Restricted Activity Days 
upper 5Z 70 
central 44 60 
lower 22 “5 
Hospital Days tor 
Respiratory Conditions 13050 L450 
Hospital Admissions for 
Respiratory Disease 6,500 8,580 
Materials Damage * * 
Visibility * * 


Notes: * represents damages that are not quantified in damage 
functions on a per event basis. 


Conversion rate: ©1986 U.S. to.1986 Canadwan dobiars 
CF hae ‘ho he 


Source: Appendix A, Exhibit A.8 


4.0 RESULTS 


This chapter presents the results of our analysis of the effects 


of reducing eriissions of each of the 96 contaminants. 
4.1 Contaminants For Which No Emissions Were Estimated 


There are some 42 contaminants for which no emissions were 
estimated... These are listed in Exhibit. 4.1... The aebsencetor 


estimated emissions occurs for several reasons: 


Ozone is not emitted. It is formed in the atmosphere as a 
result of chemical reactions between VOC's and nitrogen 


oxides. Hence the absence of ozone emissions is expected. 


Some contaminant definitions, such as asbestos fibres of 
length greater than five micrometers and inhalable 
particulate, are based on distinctions that can not be 
sustained by the empirical data. Hence it was necessary to 
analyse these contaminants as part of a larger category, 
total asbestos and total suspended particulate for the two 


examples given above. 


. Most of the contaminants for which no emissions are 
estimated are VOC's. In these cases the absence of 
emissions estimates means that the contaminant did not 
appear in the VOC speciation. This could be an accurate 
reflection of the emissions of the specified industries. Or 
the contaminant might appear only in a minor SCC which was 
excluded in the speciation process. If these contaminants 
are emitted by Regulation 308 Sources, their emissions will 
likely be reduced by the measures implemented to control 


other VOC emissions. 


EXHIBIT 4.1: | CONTAMINANTS FOR WHICH NO EMISSIONS WERE 
‘, ESTIMATED 


Ammonia 

Arsine 

Asbestos (Fibers of length greater than 5 micrometers) 
(Combined with Total Asbestos) 

Benzo(a)pyrene 

Berrylium 

Calcium Cyanide (As total salt) 

Captan 

Chlordane 

Chromium 

Coal Tar Pitch Volatiles (Soluble Fraction) 

Chromium (Di,Tri and Hexavalent Forms) 
(Combined with Chromium) 

Ethylene Glycol Butyl Ether Acetate (Butyl Cellosolve Acetate) 

Hexachlorocyclopentadiene 

Hydrogen Cyanide 

Hydrogen Sulphide 

Inhalable Particulates (Less than 10 micrograms) 
(Included with Suspended Particulate) 

Mercaptans 

Mercury (Alkyl) 

Methane Diphenyl Diisocyanate 

4,4-Methylene-bis-2-chlorol-aniline 

Nickel Carbonyl 

Nitrous Oxide 

Ozone 

Pentachlorobenzenes 

Pentachlorophenol 

Phosgene 

Phosphine 

Polycyclic Aromatic Hydrocarbons (PAH's) 

Polycyclic Organic Matter 

Potassium Cyanide (As total salt) 

Potassium Hydroxide 

Propylene Glycol Methyl Ether 

Propylene Glycol Monomethyl Ether Acetate 

Sodium Cyanide (As total salt) 

Sodium Hydroxide 

Sulphuric: Acid 

Tetrachlorobenzenes 

Tetrachlorophenols 

Thiourea 

Total Reduced Sulphur (TRS) as equivalent H5S 

1,2,4-Trichlorobenzene 

Tricholorophenols 
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It is possible that some of these contaminants are emitted by 
establishments in Ontario. However, they were not identified by 
Senes and did not appear in the PM and VOC speciations. In the 
absence of. emissions data it is not possible to estimate 


benefits associated with reduced emissions of these contaminants. 
4.2 Contaminants For Which Emissions Were Estimated 


The 54 contaminants for which we evaluated the public benefits 
due to reduced emissions from Regulation 308 Sources are listed 
in Exhibit 4.2. The exhibit identifies the human health and 
other effects expected from each contaminant. A more detailed 


explanation of the key follows. 


C. Identifies contaminants for which cancer effects are 
expected and a unit risk factor is available to quantify 
these impacts. In these cases, the change in concentration 
of the contaminant is related to the exposed population to 


calculate the change in cancer mortality. 


-D. Identifies contaminants for which cancer effects are 
expected, But aW¥unit risk function is not avaiable y tithas 
includes chlorinated dibenzo dioxins (CDD's), a class of 
chemicals some of which, such as 2,7,3,9étraehiors= 
dibenzo-p-dioxin, may be highly carcinogenic. The impact of 
reduced emissions on cancer mortality can not be estimated 


for these contaminants: 


H. Identifies contaminants for which other (i.e., systemic) 
human health effects are expected and a standard(s) has been 
established to protect against them. This is the case for 
most of the chemicals for which we had emissions data. [In 
two cases (sulphur dioxide, and particulate matter) 
exposure-response functions were also available, and it was 


possible to quantify specific health benefits. 


EXHIBIT 4.2: EXPECTED IMPACTS BY CONTAMINANT WHERE EMISSIONS 
DATA WERE AVAILABLE 


Acrylonitrile © 


Arsenic 
Asbestos (Total) 
Benzene 


1,3 Butadiene 

2-Butanone (Methyl Ethyl Ketone) 

Butyl Acrylate 

Cadmium 

Carbon Tetrachloride 

Chlorinated Dibenzo Dioxins (CDD's) 

Chlorinated Dibenzo Furans (CDF's) 

Chlorine 

Chlorine Dioxide 

Chloroform 

Chromium 

Epichlorohydrin 

Ethyl Benzene 

Ethylene 

Ethylene Dibromide 

Ethylene Dichloride 

Ethylene Glycol Butyl Ether 
(Butyl Cellosolve) 

Ethylene Glycol Ethyl Ether 
(Cellosolve) 

Ethylene Gylcol Ethyl Ether 
Acetate (Cellosolve Acetate) 

Ethylene Oxide 

Fluorides (Total) 

Formaldehyde 

Hydrogen Chloride 

Lead | 

Manganese Compounds 

Mercury ; 

Methyl Isobutyl Ketone 

Methylene Chloride 

Naphthalene 

Nickel 

Nitrogen Oxides 

Perchloroethylene 

Phenol 

Polychlorinated Biphenyls (PCB's) 

Propionaldehyde 

Propionic Acid 

Propylene Oxide 

Selenium 

Sitica 

styrene 


ook ene) 


QAaQAN 


Qno 


MMNMMMURoCeoeeeH Lee 


WN 


Nn 


fo oons ore oone ooke >) ine ogre bine are ogre bara >ane Pare bons Pire Pare omrs Pare Paso re PIO?) 


<tv0O 


EBXHEBLT '4 J2'5 EXPECTED IMPACTS BY CONTAMINANT WHERE EMISSIONS 
DATA WERE AVAILABLE (Continued) 


Sulphur Dioxide 
Suspended .Particulate Matter 


tale 


Toluene 
Toluene Diisocyanate % 
1,1,1 - Trichloroethane 's 


Trichlorobenzenes 

Trichloroethylene S 
Vinyl Chloride G 
Xylenes 
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Of <'0 
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(Methyl Chloroform) 
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Cancer effects expected and Unit Risk Function available. 
Probable or suspected carcinogen, but no Unit Risk Function 
available. 

Systemic human health effects expected and air quality 
standard established. 

Air quality standard established, systemic human health 
effects unknown. 

PRYEGtOXIG: 

Visibility effects. 

Materials damage effects. 

Odour effects. 


4.3 


me 


Identifies contaminants for which standards have been 
established, but whose systemic health effects are unknown. 
Identifies contaminants that are phytotoxic, contaminants 
expected to damage plants, particularly crops and forests. 
In these cases we calculated the areas of cropland or 
commercial forest cover exposed to the contaminant under 
each scenario. Some regulatory standards (for example, for 
ethylene and fluorides) have been set specifically tor plan 


or forage protection. 


Identifies contaminants for which odour effects are 
expected. We did not conduct a separate analysis for odour 
effects. The odour effects can be inferred from the 
population exposed to the contaminant under different 


scenarios. 


Identifies contaminants which are expected to affect 


Virsa badity . 


Identifies contaminants which are expected to result in 
materials damage. Nitrogen dioxide and particulate matter 
are the two contaminants expected to have visibility and 
materials damage effects. Exposure-response functions are 
available for these effects and the benefits (valued in 
dollar terms) of different emission levels are calculated 
for them. 


Acrylonitrile 


Acrylonitrile is a carcinogen and is very toxic. Our analystegoc 


the reduction in acrylonitrile emissions that would be achieved 


under the proposed revisions to Regulation 308 indicates that 
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there would be a negligible impact on cancer deaths under all 


scenarios. 


No monitoring data are available for acrylonitrile, hence we were 
able to calculate only the effects due to changes in 


concentration attributable to Regulation 308 Source emissions. 


The ambient air quality standard included in the proposed 
revisions to Regulation 308 is 100 micrograms per cubic metre 
averaged over 24 hours. We converted this to an annual average 


of 20 micrograms per cubic metre. 


The areas affected by acrylonitrile emissions from Regulation 308 
Sources are shown in Exhibit I.1 (Appendix I). Most of the areas 
are in southern Ontario; these areas together with their 
population densities are shown in Exhibit 4.3. The proposed 
standard, on an annual equivalent basis, is not exceeded anywhere 


in the province. 


A profile of acrylonitrile concentrations under different 
scenarios is shown in Exhibit 4.4. The profile gives the 
concentrations along the diagonal line shown in Exhibit 4.3. The 
line runs from Windsor through London, Kitchener-Waterloo and 
Metropolitan Toronto, then just south of Ottawa to the Quebec 


border as shown in Exhibit I.2. 


The highest concentrations from Regulation 308 Sources are in 
the Toronto area. At present these concentrations are generally 
less than 0.02 micrograms per cubic metre; about one percent of 
the annual equivalent of the proposed standard. The proposed 
revisions to Regulation 308 would reduce the peak concentrations 


by approximately 75 percent. 
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EXHIBIT 4.4: PROFILE OF THE CONCENTRATION OF ACRYLONITRILE 
ACROSS SOUTHERN ONTARIO DUE TO EMISSIONS BY 
REGULATION 308 SOURCES 


Acrylonitrile 


Concentration 
(ug/m3) 
4 


0.03 


-84 -83 -82 well -80 79 =7o WATE -76 “75 -74 
Longitude 
West - East 
Health Threshold = 20 ug/m3 


Legend 


Existing 

Scenarios A & D 

Scenario B Bee es 
Scenario Cs ew ewe neee=eee 
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Arsenic is a carcinogen. Tt-also=poses#a health risk through 


jrritation.of ‘the skin and mucous membranes. | 


Our analysis indicates that the emission controls required under 
the proposed revisions to Regulation 308 would reduce cancer 


mortality by six to eight deaths per year. These result are as 


follows: 

Range of Economic 

Reduced Cancer Benefits/Year 
Deaths/Year (1986 CS) 

Scenarios "A" & "D" 7 $15 - 49 million 
Scenax2o s' Bt 8 $17 - 56 million 
Scenario. "Cc! 6 $13 - 42 million 
Scenario. Hh" 7 $15 - 49 million 


No monitoring data are available for arsenic, hence our analysis 
is limited to the estimated emissions from Regulation 308 
Sources. The proposed revisions to Regulation 308 include an 
ambient air standard of 0.3 micrograms per cubic metre averaged 
over 24 hours. We converted this to an equivalent of 0.06 


micrograms per cubic metre as an annual average. 


Our analysis indicates that this standard is exceeded by the 
estimated current emissions from Regulation 308 Sources. The 
population exposed to above threshold concentrations of arsenic 


from Regulation 308 Sources by scenario is as follows: 


Change from Current 


Area Population Area Population 
(km? ) 
Current SaStlie 22:8), 0010 - - 
Scenarios "AU & "Dp" B52 34,000 -94% -85% 
Scenanmao'B" Bie 34,000 -94% -85% 
ScenanLloenc!! 832 67,000 -85% -71% 


Scenario "E" 252 347-000 -94% -85% 


a7 


The areas exposed to above annual equivalent threshold 
concentrations of arsenic from Regulation 308 Sources under each 


scenario are shown in Exhibit 4.5. 


The dispersion of arsenic emissions from Regulation 308 Sources 
is shown in Exhibit I.3 (Appendix I). The profiles of arsenic 
concentration across southern Ontario due to emissions by 


Regulation 308 Sources are presented in Exhibit 1.4. 
4.5 Asbestos 


The proposed ambient concentration standards for Regulation 308 
distinguish asbestos fibres of length greater than 5 micrometers 
and total asbestos. The emissions estimates and health impact 
data do not permit such a distinction in our analysis. We deal 
with total asbestos which is considered a carcinogen and a cause 


of asbestosis. 


The reduction in annual cancer deaths due to implementation of 
the proposed revisions to Regulation 308 is negligible under all 


scenarios. 


No monitoring data are available for asbestos. The ambient air 
standard included in the proposed revisions to Regulation 308 is 
1.6 micrograms per cubic metre averaged over 24 hours. We 
converted this to 0.32 micrograms per cubic metre as an annual 
average. This proposed standard is not exceeded by the current 


emissions of asbestos from Regulation 308 Sources. 


The areas exposed to asbestos emissions from Regulation 308 
Sources and the population densities in those areas are shown in 
Exhibit I.5 (Appendix I). The concentration profile by scenario 


across. southern-Ontario is shown:in Exhibit 1.6. 
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4.6 Benzene 


Benzene is considered a carcinogen. Acute exposure results in 
irregular heart rate, dizziness, headache, nausea, and loss of 


consciousness. 


Lower emissions resulting from implementation of the proposed 
revisions to Regulation 308 would have an insignificant effect 


on cancer mortality. 


The proposed revisions to Regulation 308 include an air quality 
standard of 3,300 micrograms per cubic metre averaged over 

24 hours, which we converted to 660 micrograms per cubic metre as 
an annual average. We found that the concentrations due to 
emissions of benzene from Regulation 308 Sources do not exceed 
this standard. 


The areas affected by benzene emissions from Regulation 308 
Sources are shown in Exhibit I.7 (Appendix I). The concentration 
profile for benzene from Regulation 308 Sources across southern 
Ontarlovis shown in®Exhibiserrs: 


4.7 1,3 Butadiene 


The U.S. EPA considers butadiene a probable human carcinogen. 
It irritates skin and mucous membranes. High concentrations 


depress the central nervous system and can result in death. 


Reduced emissions resulting from implementation of the proposed 
revisions to Regulation 308 do not yield a significant impact on 


cancer mortality. 


No ambient air standard is included in the proposed revisions to 
Regulation 308 for 1,3 butadiene. For our analysis we used the 


North Carolina standard of 110 micrograms per cubic metre 
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averaged over 24 hours. We converted this to an annual average 
of 22 micrograms per cubic metre. We found that concentrations 
due to emissions of 1,3 butadiene from Regulation 308 Sources do 


not exceed. this standard. 


The areas over which emissions of 1,3 butadiene by Regulation 308 
Sources are dispersed are shown in Exhibit I.9. (Appendix I). 
The profile of concentrations due to Regulation 308 Source 


emissions across southern Ontario is shown in Exhibit I.10. 
4.8 2-Butanone (Methyl Ethyl Ketone) 


2-Butanone is not classified as a human carcinogen. The 


non-cancer health effects are not well-known. 


The ambient air quality standard in the proposed revisions to 
Regulation 308 is 3,100 micrograms per cubic metre averaged over 
1 hour, which we converted to 258 micrograms per cubic metre 
averaged over a year. This standard is based on the odour 
threshold. The standard is not exceeded by concentrations due to 


emissions from Regulation 308 Sources. 


The methodology used in this study is not well suited to the 
analysis of odour impacts. Odour is a problem when 
concentrations exceed a detectable threshold. The frequency and 
duration of above threshold concentration occurrences are the 
critical variables. The assumption of a constant emission rate 
and the calculation of annual average concentrations serve to 
smooth out the critical occurrences. To adequately address odour 
reduction benefits requires some knowledge of the variability of 
emissions so that the effects of these fluctuations on 
concentrations can be analysed. The finding that concentrations 
do not exceed the proposed standard means that there is no area 
where odour is a continuous problem. Odour could still bea 


periodic problem. 


Cw 


The areas exposed to 2-butanone emissions from Regulation 308 
Sourcesware dieplavyed invexhibit, 1.0) (Appendixel)) wihe profile 
of concentrations due to Regulation 308 Source emissions under 


each scenario is shown in Exhibit I.12. 
4.9 Butyl Acrylate 


Butyl acrylate is not classified as a human carcinogen, but 
inhalationileads to, irritation.of the’ respiratory tract. 


Monitoring data are not available. 


The ambient air quality standard included in the proposed 
revisions to Regulation 308 is 35 micrograms per cubic metre 
averaged over 24 hours. We expressed this as 7 micrograms per 
cubic metre as an annual average. Our estimates of the 
concentrations resulting from butyl acrylate emissions by 
Regulation 308 Sources indicate that this threshold is not 


exceeded at present. 


The areas exposed to butyl acrylate emissions from Regulation 308 
“Sources are displayed in Eni Dewi s (Appendix ph) iT heeprotile 
of concentrations due to Regulation 308 Source emissions under 


each scenario is presented in Exhibit I.14. 
4.10 Cadmium 


Cadmium is classified as a probable human carcinogen. Inhalation 
exposure can cause lung problems. Cadmium is also phytotoxic to 


crops .and, trees. 


Our estimates of cancer death reductions resulting from lower 
cadmium emissions due to implementation of proposed revisions to 


Regulation 308 use the Massachusetts unit risk factor. The 
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results indicate a negligible reduction in cancer deaths under 


each scenario. 


The proposed."ambient air standard for cadmium in the revisions to 
Regulation 308 is 2 micrograms per cubic metre averaged over 

24 hours. We converted this to an equivalent of 0.4 micrograms 
per cubic metre as an annual average. The concentrations of 
caa@mium due to emissions from Regulation 308 Sources aortnote 


exceed this proposed standard. 


Monitoring data are available for cadmium and are used to 
estimate ambient concentrations from non-Regulation 308 sources. 
The maximum contribution of non-Regulation 308 sources in the 
areas affected by Regulation 308 emissions is estimated at 

0.02 micrograms per cubic metre as an annual average. When this 
maximum value is added to the estimated concentrations 
attributable to Regulation 308 Source emissions, the threshold 
level is exceeded in a small area. The population exposed to 
above threshold concentrations at present in less than 

500 people. As shown in Exhibit 4.6, this is reduced to nil by 
the proposed revisions to Regulation 308 regardless of the 
implementation scenario. Hence, the proposed revisions to 
Regulation 308 yield only marginal human health benefits aig 9) 


relation to cadmium. 


The areas exposed to cadmium emissions are presented in 

Exhibit I.15. (Appendix I). The agricultural area exposed to 
cadmium emissions from Regulation 308 Sources is 26,821 square 
kilometers. This is 78 percent of Ontario's cropland. However, 
no areas are exposed to above threshold concentrations of 
cadmium “The profile*ot concentrations due to Regulation 308 


Source emissions by scenario is shown in Exhibit 1.16. 
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' Beanie Gampon Tetrachloride 


The U.S. Environmental protection Agency considers carbon 
Lotpachiorade sto be a probable human carcinogen. Non-cancer 
effects include depression of the central nervous system, loss of 
consciousness, dizziness, vertigo, headaches, depression, mental 


confusion and incoordination. 


Our analysis of the change in cancer mortality resulting from 
implementation of the proposed revisions to Regulation 308 


indicate a negligible saving of life. 


The proposed revisions to Regulation 308 include an ambient air 
standard of 600 micrograms per cubic metre averaged over 

24 hours, which we converted to an annual average concentration 
of 120 micrograms per cubic metre. We found that concentrations 
due to emissions from Regulation 308 Sources do not exceed this 


proposed standard. 


The areas exposed to emissions of carbon tetrachloride from 
Regulation 308 Sources are displayed in Exhibit !L7 
(Appendix I). The profiles of carbon tetrachloride 
concentrations due to emissions by Regulation 308 Sources by 


scenario are shown in Exhibit I.18. 
4.12 Chlorinated Dibenzo Dioxins (CDD'S) 


We have selected >,3,7,8-tetrachloro-dibenzo-p-dioxin, which is 
probably more carcinogenic than most CDD's, to get a oenee Of.ene 
health effects of these chemicals. CDD's are regarded as 
carcinogenic although no unit risk factors are available. The 


chronic health effects of exposure to CDD's are not known. 


The proposed revisions to Regulation 308 include an ambient air 


standard of 30 picograms (0.00003 micrograms) per cubic metre as 
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an annual average. The concentrations due to emissions from 


Regulation 308 sources do not exceed this proposed standard. 


The areas exposed to emissions of CDD's from Regulation 308 
Sources are shown in Exhibit I.19 (Appendix I). The profile of 
CDD concentration due to Regulation 308 Source emissions under 


each scenario are presented in Exhibit I.20. 
4.13 Chlorinated Dibenzo Furans (CDF's) 


Like CDD's, CDF's are considered carcinogenic although unit risk 
factors are not available. The chronic health effects of 


exposure to CDF's are not known. 


The proposed revisions to Regulation 308 include an ambient air 
standard of 1500 picograms (0.0015 micrograms) per cubic metre as 
an annual average. The concentrations due to emissions from 


Regulation 308 Sources do not exceed this proposed standard. 


The areas exposed to emissions of CDF's from Regulation 308 
Sources are shown in Exhibit I.21 (Appendix I). The profiles of 
CDF concentration due to Regulation 308 Source emissions under 


each scenario are presented in Exhibit 1.22. 
4.14 Chlorine 


Chlorine is not a carcinogen. Exposures may result in 
scratchiness of the throat, pulmonary edema and congestion 
depending upon the concentration. Chlorine is a known 


phytotoxricant. 


The ambient air standard included in the proposed revisions to 
Regulation 308 is 150 micrograms per cubic metre averaged over 
24 hours. We translated this proposed standard to 30 micrograms 


per cubic metre as an annual average. Concentrations due to 
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emissions from Regulation 308 Sources do not exceed this proposed 


standard. 


The areas effected by exposures to chlorine from Regulation 308 
Sources aa ajsumaved in Exhibit I.23 (Appendix I). Some 

6,171 square kilometers of agricultural land are exposed to 
chlorine emissions from Regulation 308 Sources. But -there-fare 
no areas where these concentrations exceed the proposed 
threshold. The profiles of chlorine concentration due to 
emissions by Regulation 308 Sources by scenario are shown in 
Exhibit 1.24. 


4.15 Chlorine Dioxide 


Chlorine dioxide is not a carcinogen. It has been linked to 
respiratory irritation and prolonged exposure may cause 


bronchitis and pronounced emphysema. 


The ambient air standard included in the proposed revisions to 
Regulation 308 is 30 micrograms per cubic metre averaged over 

24 hours, which we converted to 6 micrograms per cubic metre as 
an annual average. Concentrations of chlorine dioxide due to 
emissions from Regulation 308 Sources do not exceed this proposed 


standard. 


The areas exposed to chlorine dioxide emissions by 

Regulation 308 Sources are displayed Sg ow g Nelda opr hy whet pyc) 

(Appendix7 1)" ! "the prorilesvor chlorine dioxide concentration due 
to emissions from Regulation 308 Sources by scenario are shown in 
Exhibitele26- 


4.16 Chloroform 


Chloroform is considered a carcinogen and can also damage the 
liver, kidneys and central nervous system. 
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The Massachusetts unit risk factor was used in the cancer 
analysis. Our calculations indicate that the proposed revisions 
ee) Regulation +308 Will reduce cancer mortality due to chloroform 


by a negligible amount under all scenarios. 


The ambient air standard included in the proposed revisions to 
Regulation 308 is 500 micrograms per cubic metre averaged over 

24 hours. We expressed this as 100 micrograms per cubic metre as 
an annual average. Concentrations due to emissions from 
Regulation 308 Sources alone do not exceed this proposed 


standard. 


The areas affected by exposures to chlorine from Regulation 308 
Sources are displayed in Exhibit I.27 (Appendix I). The profiles 
of chloroform concentration due to emissions from Regulation 308 


Sources by scenario are shown in Exhibit 1.28. 
4.17 Chromium 


The different forms of chromium -- chromium, dichromium; 

trichromium and hexavalent chromium -- could not be distinguished 
in the emissions estimates. We treated all chromium emissions as 
hexavalent chromium, the most toxic form. It is a carcinogen and 
causes irritation and damage to the respiratory tract, the liver 


and the kidneys. 


The estimated reduction in cancer deaths due to the proposed 
revisions to Regulation 308 are shown below: 


Range of Economic 


Reduced Cancer Benefits/Year 
Deaths/Year (1986 CS) 
Scenarios Vs fk. "pt 8 Sl Soo LL. Lon 
Scenario "B" 8 $17-= 56 Million 
Scenarnioice 4 $ 9 = 28 million 
Scenario "5" 8 S17 =" S6 Milton 
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The estimated reduction in cancer mortality for chromium is 
probably overstated. It was necessary to apply the cancer unit 
risk factor for the most virulent form -- hexavalent chromium -- 
CO aust chromium emissions thus raising the estimated reduction in 


cancer mortality. 


The ambient air standard for all forms of chromium included in 
the proposed revisions to Regulation 308 ts'ola5 snicrograms &per 
cubic metre averaged over 24 hours. We converted this to an 
annual average 0.3 micrograms per cubic metre. Concentrations 
due to emissions from Regulation 308 Sources alone exceed this 
proposed standard at present. The population exposed to above 
threshold concentrations of chromium from Regulation 308 Sources 
alone is 34 thousand under existing regulations. This remains 
unchanged under Scenario C. But under all other scenarios for 
implementation of the proposed revisions to Regulation 308 no one 
would be exposed to above threshold concentrations of chromium 


from Regulation 308 Sources. 


The monitoring data suggest that ambient concentrations of 
chromium due to non-Regulation Sources in the areas affected by 
Regulation 308 emissions are less than 0.04 micrograms per cubic 
metre aS an annual average. When this maximum value is used as 
the concentration due to non-Regulation 308 sources and added to 
the emissions from Regulation 308 Sources, the population exposed 


to above threshold concentrations of chromium is as follows: 


Change from Current 


Area Population Area Population 
(kin?) 
Current 64 752,000 = - 
Scenarjos: NAS DU 16 26,000 -75% -65% 
SOe nat Cue be 16 26,000 -75% -65% 
Scenario "Cc"! Se 34,000 -50% -55% 


Scenario "E" ' 16 26,000 -75% -65% 
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This result must interpreted with caution. Exhibit 4.7 shows 
that these threshold exceedances occur in a small number of grid 
cells in Hamilton area. That in turn could result from the 


concentration of establishments at selected grid points. 


The areas exposed to chromium emissions from Regulation 308 
Sources under each scenario are shown in Exhibit 1.29 
(Appendix I). The profiles of chromium concentration due to 
emissions from Regulation 308 Sources by scenario are shown in 
Exh ty 1s S05 


4.18 Epichlorohydrin 


Epichlorohydrin is considered a probable carcinogen. It can also 
cause burning of eyes and nasal passages, severe chemical burns 
on skin contact and possibly skin dermatitis. 


Our analysis indicates that the reduction is annual cancer deaths 
due to implementation of the proposed revisions to Regulation 308 


is negligible under all scenarios. 


No ambient air standard for epichlorohydrin is included in the 
proposed revisions to Regulation 308. For our analysis we used 
the Massachusetts standard of 2.7 micrograms per cubic metre 
averaged over 24 hours. We then converted this to 

0.54 micrograms per cubic metre as an annual average. 
Concentrations due to emissions from Regulation 308 Sources alone 
do not exceed this proposed standard. 


The areas exposed to epichlorohydrin emissions from 

Regulation 308 Sources are displayed in Exhibit I.31 

(Appendix I). The profiles of epichlorohydrin concentration due 
to emissions from Regulation 308 Sources by scenario are 


presented in Exhibit I.32. 
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4.19 Ethyl Benzene 


Ethyl benzene’ “is an, irritant to the skin and mucous membranes. 


Le LS net considered carcinogenic. 


The ambient air standard included in the proposed revisions to 
Regulation 308 is 4,000 micrograms per cubic metre averaged over 
one hour. We converted this to an equivalent standard of 

333 micrograms per cubic metre as an annual average. 
Concentrations due to emissions from Regulation 308 Sources alone 


do not exceed this proposed standard. 


The areas exposed to ethyl benzene emissions from Regulation 308 
Sources, are displayed in Exhibit..1l..33.(Appendix I)... .The. profiles 
of ethyl benzene concentrations due to emissions from 


Regulation 308 Sources by scenario are presented in Exhibit 1.34. 
4.20 Ethylene 


Ethylene is not considered carcinogenic and no other health 
effects are known. However, ethylene is phytotoxic and the 
proposed Regulation 308 standard of 40 micrograms per cubic 
metre over 24 hours is established on this basis. We translated 
this standard into an annual average equivalent of 8 micrograms 
per cubic metre. Concentrations due to emissions from 
Regulation 308 Sources alone do not exceed this proposed 


standard. 


The areas exposed to ethylene emissions from Regulation 308 
Sources are shown in Exhibit I.35 (Appendix I). The total amount 
of agricultural land in these areas is 25,353 square kilometers. 
No agricultural land is exposed to above threshold 

concentrations of ethylene due to Regulation 308 Source 


emissions. The profiles of ethylene concentration due to 


JZ 


emissions from Regulation 308 Sources by scenario are presented 


in Exhibit 1.36. 
/ eset Ethylene: Dibromide 


There are suggestions that ethylene dibromide should be treated 
as a potential carcinogen. Ethylene aibromide causes irritation 
and injury to the skin and eyes. Long term exposure May cause 
injury to the lungs, liver and kidney. No unit risk factor is 
available to enable us to estimate a cancer related benefit due 


to reduced emissions. 


No ambient air standard is included in the proposed revisions to 
Regulation 308 for ethylene aibromide. Our analysis uses the 
North Carolina standard of 0.045 micrograms per cubic metre 
averaged over one year. Concentrations due to emissions from 
Regulation 308 Sources alone exceed this proposed standard at 


present and under Scenario E. 


The population exposed to above threshold concentrations of 
ethylene aibromide from Regulation 308 Sources at present and 
under Scenario E is 345,000 in an area of 96 km2 in Metropolitan 
Toronto. The areas exposed to above threshold concentrations 
are shown in Exhibit 4.8. We understand that the result for 
Scenario E may stem from an error in the input data provided to 


us by Senes. 


The areas exposed to concentrations of ethylene aibromide 
emissions by Regulation 308 Sources are displayed in Exhibae 1.37 
(Appendix I). The profiles of ethylene dibromide concentration 
due to emissions by Regulation 308 Sources by scenario are 


presented in po dae phe rid Ges Ske ir 


ae 


wana Qq OLAeCUaOS F BULLSIXy] 
P[loysa.zy} MO[aq suorsstug 


ANOTW SHOUNOS 80E NOLILVINDAY WONT SNOISSIWA AO LIOSATY V SV SISANI 
QIOHSAYH.L GaAOXKa LVL SNOLLVULNAONOD AGIWOUGIG ANAIAHLA AO SWAUV 78° LIGIHXA 


74 


4.22 Ethylene Dichloride 


The EPA considers ethylene dichloride a probable human 
carcinogen. «Inhalation can also cause irritation of mucous 
Menbranes, Meencra lt eee system depression, and congestion and 
degenerative effects on the liver, kidney, spleen, lungs and 


adrenals. 


Using the IRIS unit risk factor, the effects of the proposed 
revisions to Regulation 308 in terms of reduced cancer deaths are 


negligible. 


The ambient air standard included in the proposed revisions to 
Regulation 308 is 400 micrograms per cubic metre averaged over 

24 hours. We converted this to an equivalent of 80 micrograms 
per cubic metre as an annual average. Concentrations due to 
emissions from Regulation 308 Sources do not exceed this proposed 
standard. 


The areas exposed to ethylene dichloride emissions by 

Regulation 308 Sources are displayed in Exhibit 1.39 

(Appendix I). The profiles of ethylene dichloride concentration 
due to emissions by Regulation 308 Sources by scenario are 
presented in Exhibit I.40. 


4.23 Ethylene Glycol Butyl Ether (Butyl Cellosolve) 


Although the health effects of ethylene glycol butyl ether (butyl 
cellosolve) are uncertain, the Ministry of the Environment has 
established an ambient air standard as part of the proposed 
revisions to Regulation 308. That proposed standard is 

300 micrograms per cubic metre averaged over one hour, which we 
converted to 25 micrograms per cubic metre as an annual average. 
That standard is not exceeded by concentrations due to emissions 
from Regulation 308 Sources. 


TD 


The areas affected by ethylene glycol butyl ether emissions from 
Regulation 308 Sources are shown in Exhibit I.41 (Appendix I). 
The profilesof butyl cellosolve concentration due to emission by 


Regulation 308 Sources by scenario are presented in Exhibit 1.42. 
4.24 Ethylene Glycol Ethyl Ether (Cellosolve) 


The health effects of ethylene glycol ethyl ether (cellosolve) 
are uncertain, but the Ministry of the Environment has 
established an ambient air standard as part of the proposed 
revisions to Regulation 308. That proposed standard is 

665 micrograms per cubic metre averaged over one hour, which we 
converted to 55.4 micrograms per cubic metre as an annual 
average. This proposed standard is not exceeded by | 


concentrations due to Regulation 308 Sources alone. 


The areas exposed to concentrations of ethylene glycol ethyl 
ether (cellosolve) from Regulation 308 Source emissions are 
identified in Exhibit I.43 (Appendix I). The profiles of 
cellosolve concentration due to emissions by Regulation 308 


Sources by scenario are presented in Exhibit I.44. 
4.25 Ethylene Glycol Ethyl Ether Acetate (Cellosolve Acetate) 


Although the health effects of ethylene glycol ethyl ether 
acetate (cellosolve acetate) are uncertain, the Ministry of the 
Environment has established an ambient air standard as part of 
the proposed revisions to Regulation 308. That proposed standard 
is 180 micrograms per cubic metre averaged over one hour, which 
we expressed as 15 micrograms per cubic metre as an annual 
average. This proposed standard is not exceeded by 


concentrations due to Regulation 308 Source emissions. 
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The areas exposed to emissions of ethylene glycol ethyl ether 
acetate (cellosolve acetate) from Regulation 308 Sources are 
displayed in Exhibit I.45 (Appendix I). The profiles of 
cellosolve acétate concentration due to emissions by 


Regulation 308 Sources by scenario are presented inweExhd bites 4160 
4.26 Ethylene Oxide 


Ethylene oxide is a possible carcinogen, but a unit risk factor 
has not yet been established. A benefit in the form of lower 
cancer mortality due to reduced ethylene oxide emissions can not 


be estimated. 


Acute exposures to ethylene oxide cause acute illness with 
nausea, vomiting and headache. The health benefits of lower 
ethylene oxide emissions are evaluated by examining the number of 


people exposed under each scenario. 


The ambient air quality standard included in the proposed 
revisions to Regulation 308 is 5 micrograms per cubic metre 
averaged over 24 hours. We converted the standard to 

1 microgram per cubic metre as an annual average. This 

threshold is not exceeded by concentrations due to Regulation 308 


Source emissions. 


The areas affected by Regulation 308 Source emissions of ethylene 
oxide are shown in Exhibit I.47 (Appendix I). The profiles of 
ethylene oxide concentration due to emissions by Regulation 308 


Sources by scenario are presented in Exhibit 1.48. 
4.27 Fluorides 
Fluorides are not considered carcinogenic. They can have adverse 


effects on human health, but the ambient air standard in the 


proposed revisions to Regulation 308 is set to protect animals 


from adverse effects 
The proposed ambient 
cubic metre averaged 
0.344 micrograns per 


proposed standard is 


qq 


due to elevated fluoride levels in forage. 
air quality standard is 1.72 micrograms per 
over 24 hours. We converted this to 

cubic metre as an annual average. This 


exceeded by current emissions from 


Regulation 308 Sources. 


The above threshold value of fluorides occurs in one grid cell 
(16km“) with a population of 225 people (see Exhibit 4.9). All 


of the implementation scenarios result in the elimination of 


above threshold concentrations of fluorides due to Regulation 308 


Source emissions. 


No agricultural land 


is exposed to above threshold concentrations 


of fluorides at present (the one grid cell is not an agricultural 


area) or under any implementation scenario. The total area of 


agricultural land exposed to fluorides emissions form 


Regulation 308 sources is 24,982 square kilometers (73 percent of 


Ontario's cropland). 


We repeat that the concentrations are below 


the proposed standard in all cases. 


The areas affected by fluoride concentrations due to 


Regulation 308 Source emissions are shown in Exhibit 1.49 


(Appendix I). The profiles of fluoride concentration due to 


emissions by Regulation 308 Sources by scenario are presented in 


Exhibit? 50; 


4.28 Formaldehyde 


Formaldehyde is believed to cause ‘nasal cancer. Its non-lethal 


effects on human health are 


irritation of the mucous membranes of 


the eyes, nose and upper respiratory Cracu. 
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The reduced cancer mortality is estimated using the Massachusetts 
unitwriskitactor.¢§ the’ mesults, indicate, a. negligible,reduction in 
cancer mortality under all scenarios. 

The aonb exit air standard included in the proposed revisions to 
Regulation 308 is 65 micrograms per cubic metre averaged over one 
hour. We converted this proposed standard to 5.42 micrograms per 
cubic metre as an annual average. Concentrations due to 
emissions from Regulation 308 Sources do not exceed this proposed 


standard. 


The areas exposed to concentrations of formaldehyde from 
Regulation 308 Source emissions are displayed in Exhibit I.51 
(Appendix I). The profiles of formaldehyde concentration due to 
emissions by Regulation 308 Sources by scenario are shown in 
ExXnibicorss2 ; 


4.29 Hydrogen Chloride 


Hydrogen chloride readily dissolves in water, producing 
hydrochloricuacids +Thistisiirritating sto theleves) nosepand 
Ehroate 


Hydrogen chloride is also a corrosive gas. The ambient air 

standard of 40 micrograms per cubic metre averaged over 24 hours 
included in the proposed revisions to Regulation 308 is intended 
to protect materials from corrosion. We converted this proposed 


standard to 8 micrograms per cubic metre as an annual average. 


The proposed ambient air quality standard is not exceeded by 
concentrations due to Regulation 308 Source emissions. We were 
not able to estimate the benefits of reduced emissions on 


materials damage. 
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There is some indication that the proposed ambient aime tandard 
may not provide adequate protection to vegetation (see 

Appendix Ne ‘The agricultural area exposed to hydrogen chloride 
emissions ‘froin, Regulation 308 Sources is estimated At. 2 poe 
square kilometers (8 percent of Ontario's cropland). None of 
these areas are exposed to hydrogen chloride concentrations in 


excess of the proposed standard due to Regulation 308 sources. 


The areas exposed to hydrogen chloride emissions from 

Regulation 308 Sources are displayed in Exhibit I.53 

(Appendix I). Most of the areas are urban rather than 
agricultural. The profiles of hydrogen chloride concentration 
due to emissions from Regulation 308 Sources under each scenario 


are shown in Exhibit I.54. 
4.30 Lead 


Lead is not considered carcinogenic, but it can have serious 
health effects. 


The proposed revisions to Regulation 308 include three aifferent 
ambient air quality standards for lead, based on different 
averaging times and calculations. For the analysis we used a 
standard of 5 micrograms per cubic metre averaged over 24 hours. 
We converted this proposed standard to 1 microgram per cubic 


metre as an annual average. 


The estimated concentrations due to emissions from Regulation 308 
Sources exceed the proposed standard at present. The above 
threshold concentrations occur in 8 grid cells for a total area 
of 128 km? and a total population of approximately 11,000. These 
occurrences are eliminated by the proposed revisions to © 


Regulation 308 under all scenarios. 
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Monitoring data suggest that ambient concentrations of lead due 
to non-Regulation 308 Sources in areas affected by 

Regulation 308: Source emissions are less than 0.5 micrograms per 
cubic metre as'an annual average. When this maximum value is 
added to the estimated concentrations due to Regulation 308 
Source emissions the ambient concentrations from all sources 
exceed the proposed standard at present in 20 grid cells with a 
total area of i320 km-eand) ar total population of almost 28,000. 
As shown in Exhibit 4.10, the proposed revisions to 

Regulation 308 are effective in eliminating these above 


threshold occurrences under all scenarios. 


The areas affected by lead emissions from Regulation 308 Sources 
are shown in Exhibit I.55 (Appendix I). The profiles of lead 
concentration due to emissions by Regulation 308 Sources by 


scenario are shown in Exhibit 1.56. 
4.31 Manganese Compounds 


Manganese is not considered carcinogenic to humans. Chronic 
manganese exposure results in damage to the central nervous 


systems and the lungs. 


The ambient air quality standard included in the proposed 
revisions to Regulation 308 is 210 micrograms per cubic metre 
averaged over 24 hours. We expressed this as an annual average 
of 2.0 micrograms per cubic metre. The estimated concentrations 
due to emissions from Regulation 308 Sources do not exceed this 


standard. 


Monitoring data indicate that ambient concentration of manganese 
due to non-Regulation 308 Sources in the areas affected by 
Regulation 308 Source emissions is a maximum of 0.15 micrograms 
per cubic metre as a annual average. When this value is added to 


the estimated concentrations due to Regulation 308 Source 
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emissions the threshold value still is not exceeded. Thus, the 
revisions to Regulation 308 do not result in a health benefit in 
the form of fewer people exposed to above threshold 


concentrations'of manganese. 


The areas of manganese exposure due to emissions from 
Regulation 308 Sources are shown in Exhibit I.57 (Appendix I). 
The profiles of manganese concentration due to emissions by 


Regulation 308 Sources by scenario are shown in Exhibit 1.58. 
4.32 Mercury 


Acute exposures to high concentrations of mercury cause 
bronchitis. "Chronic exposure results in a variety of serious 
health effects: bronchial irritation, bronchitis and diffuse 
interstitial pneumonitis. Chronic exposure results in weight 
loss and minor central nervous system symptomatology, psychotic 
disturbances, and personality changes. Mercury is not associated 


with any form of cancer in humans. 


The ambient air quality standard included in the proposed 
revisions to Regulation 308 is 2 micrograms per cubic metre 
averaged over 24 hours. For the purposes of the analysis we 
expressed this as 0.4 micrograms per cubic metre as an annual 
average. Concentrations estimated from emissions due to 


Regulation 308 Sources do not exceed the proposed standard. 


The areas affected by the mercury emissions from Regulation 308 
Sources are shown in Exhibit I.59 (Appendix I). The profiles of 
mercury concentration due to emissions by Regulation 308 Sources 


by scenario are presented in Exhibit 1.60. 
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4.33 Methyl Isobutyl Ketone 


High vapour concentrations of methyl isobutyl ketone produce eye 
and throat. symptoms, Narcosis also occurs with additional 
symptoms of weakness, headache, nausea, lightheadedness, 
vomiting, dizziness and incoordination. It is not considered 


carcinogenic. 


The ambient air quality standard included in the proposed 
revisions to Regulation 308 is based on the odour threshold: It 
is 1,200 micrograms per cubic metre averaged over a 24 hour 
period. We converted this to 240 micrograms per cubic metre as 


an annual average for the purposes of the analysis. 


Concentrations due to emissions from Regulation 308 Sources do 
not exceed the proposed standard. As noted earlier for 
2-butanone the analytical approach, which is based on annual 
averages, is not well suited to assessing improvements in odour 
problems. An analysis of the frequency and duration of above 
threshold concentration occurrences, rather than an analysis of 
annual average concentrations, is required. In turn, that 
requires data on the variability of emission rates; data not 


available at present. 


The areas affected by methyl isobutyl ketone emissions from 
Regulation 308 Sources are displayed in Exhibit I.61 
(Appendix I). The profiles of methyl isobutyl ketone 
concentration due to Regulation 308 Source emissions are 


presented in Exhibit 1.62. 
4.34 Methylene Chloride 


Methylene chloride is classified as a probable human carcinogen. 
Exposure may also cause sluggishness, irritability, 


lightheadedness, nausea and headaches. 
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The reduced cancer deaths attributable to lower emissions of 
methylene chloride resulting from implementation of the proposed 
revisions to “Regulation 308 are calculated using the IRIS unit 
risk factor. The result is a reduction in cancer mortality of 


much less than one life per year under each scenario. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 7,000 micrograms per cubic metre averaged 
over one hour. We expressed this proposed standard as 

583 micrograms per cubic metre as an annual average. 
Concentrations calculated from the estimated emissions of 


Regulation 308 Sources do not exceed this standard. 


The areas affected by methylene chloride emissions from 
Regulation 308 Sources are shown in Exhibit I.63 (Appendix I). 
The profiles of methylene chloride concentration due to 
Regulation 308 Source emissions by scenario are presented in 
Bch abit eT 26.405 


4.35 Naphthalene ‘ 


Naphthalene is not considered a human carcinogen. Naphthalene 


vapour may cause headache, loss of appetite and nausea. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 30 micrograms per cubic metre averaged over 
one hour, which we converted to 2.5 micrograms per cubic metre as 
an annual average. Concentrations calculated from the estimated 


emissions of Regulation 308 Sources do not exceed this standard. 


Naphthalene can also cause odour problems. Since there are no 
areas where naphthalene concentrations exceed the threshold, 
there are no continuous odour problems. But the frequency and 


duration of above threshold concentration occurrences can not be 
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determined. The impact of the proposed revisions to 
Regulation 308 in ameliorating odour problems also can not be 


determined. ~ 
The areas affected by naphthalene emissions from Regulation 308 
Sources are shown in Exhibit 1.65 (Appendix I). Profiles of 
naphthalene concentration due to Regulation 308 Source emissions 


by scenario are displayed in Exhibit I.66. 
4.36 Nickel 


Nickel subsulfide is classified as a probable human carcinogen. 
Inhalation exposure to certain nickel compounds causes asthma and 


increased Susceptibility to pulmonary infections. 


The reduced cancer deaths attributable to lower emissions of 
nickel that would result from implementation of the proposed 
revisions to Regulation 308 are calculated using the IRIS unit 
risk factor. The result is a reduction in cancer mortalitcyeoer 
less than one life per year under each scenario except 
SCenariouc, 


The proposed revisions to Regulation 308 include an ambient ay, 
quality standard of 2 micrograms per cubic metre averaged over 
24 hours, which we converted to as 0.4 micrograms per cubic 
metre as an annual average. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources exceed tris 
standard at present. Approximately 26,000 people in one Grid 
cell are exposed to above threshold concentrations of nickel due 
to Regulation 308 Sources at present. This falls to zero under 
all scenarios. 


Monitoring data indicate that ambient concentrations of nickel 
due to non-Regulation 308 Sources in the areas affected by 


Regulation 308 Source emissions are a maximum of 0.1 micrograms 
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per cubic metre as an annual average. When this maximum value is 
added to the concentrations due to Regulation 308 Source 
emissions the ‘population exposed to above threshold 
concentrations’ of nickel rises to 34,000 at present, but falls to 
zero under all scenarios except Scenario C where it is 26,000. 
THiS seseshown, ini Bxhibit,.4.11. ) 


Since the above threshold concentration only occurs in one grid 
cell, it could be due to the concentration of source locations at 
grid points. However, the cell in question is in the Hamilton 
area and has only 3 sources located at its centroid. In our 
judgement that is a reasonable depiction of reality; which means 
that the proposed revisions to Regulation 308 yield a health 
benefit by eliminating the occurrence of above threshold 


concentrations (except possibly under Scenario C). 


Nickel can also cause crop damage. Emissions from Regulation 308 
Sources affect 26,736 km* of agricultural crops in Ontario; 

78 percent of the province's land under cultivation. However, 
there are no agricultural areas exposed to above threshold 
concentrations of nickel from Regulation 308 Sources, even after 


the maximum concentration due to other sources is added. 


The areas affected by nickel emissions from Regulation 308 
Sources are shown in Exhibit I.67 (Appendix I). Profiles of 
nickel concentration due to Regulation 308 Source emissions by 
scenario are presented in Exhibit I.68. 


4.37 Nitrogen Oxides 


Nitrogen oxides are not considered carcinogenic. Exposure may 
cause eye irritation. 


The proposed revisions to Regulation 308 include an ambient air 


quality standard of 200 micrograms per cubic metre averaged over 
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24 hours, which we converted to 40 micrograms..per.cubic.metre’ as 
an annual average for the purposes of our analysis. Analysis of 
the estimated concentrations due to emissions from 

Regulation 368' Sources indicates that approximately 1,200 people 
over 80 km2 are presently exposed to above threshold 
concentrations of nitrogen oxides from these sources. This 


remains unchanged for all scenarios. (See Exhibit 4.12). 


Reducing nitrogen oxides emissions also improves visibility and 
lowers materials damage. The exposure-response functions for 
visibility and materials damage for nitrogen oxides are presented 
in Appendix H. Application of those exposure-response functions 
to the concentrations estimated from Regulation 308 Source 


emissions under each scenario yields the following results: 


Scenarios Scenario Scenario Scenario 


Wat & Wp -W_AW LT @aL wi 
Visto ty Low S6"249 50 $1362.04 Seeaaoe5 8 Senora. 2 
(million Centra liwS 2560.4 $2. A729 09 Sd oe Ono oO 7 4.0 
1986 C$) 
Materials Damage LOW (6 as So.2 S$ (40229 Clem? 34. 4 moh 7 ..7, 
(million Centra kecemooo ns S$ Beoons SIA OS. Oriana 59.4 
1986 C$) 


The areas affected by nitrogen oxides emissions from 
Regulation 308 Sources are shown in Exhibit I.69 (Appendix I). 
Profiles of nitrogen oxides concentration due to Regulation 308 


Source emissions by scenario are presented in Exhibit I.70. 
4.38 Perchloroethylene 


Perchloroethylene is not considered a carcinogen. Excessive 
exposure to perchloroethylene has resulted in effects on the 
central nervous system, mucous membranes, eyes and skin, and to 


a lesser extent the lungs, liver and kidneys. 
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The proposed revisions to Regulation 308 include an ambient air 
quality standard of 4,000 micrograms per cubic metre averaged 
over 24 hours.:. We converted this to 800 micrograms per cubic 
metre as an annual average. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 


standard. 


This result must be treated with some caution. The principal 
source of perchloroethylene emissions is dry cleaning 
establishments and all dry cleaning establishments were assumed 
to have equal emissions. Thus, if the concentrations due to 
emissions from one establishment do not exceed the proposed 
standard, all will meet the standard, unless several are 


concentrated at one location. 


The areas affected by perchloroethylene emissions from 
Regulation 308 Sources are shown in Exhibit I.71 (Appendix I). 
Profiles of perchloroethylene concentration due to Regulation 308 


Source emissions by scenario are provided in Exhibit I.72. 
4.39 Phenol 


Phenol does not appear to be carcinogenic. Chronic exposure can 
result in digestive disturbances, vomiting, diarrhea, and nervous 


disorders. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 100 micrograms per cubic metre averaged over 
24 hours. We converted this to 20 micrograms per cubic metre as 
an annual average. Concentrations calculated from the estimated 
emissions of Regulation 308 Sources do not exceed this proposed 


standard. 


The areas affected by phenol emissions from Regulation 308 
Sources are shown in Exhibit I.73 (Appendix I). Profiles of 
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phenol concentration due to Regulation 208 Source emissions by 


scenario are provided in Exnloveel./4% 
4.40 Polychlorinated Biphenyls (PCB'S) 


Polychlorinated biphenyls are classified as a probable human 
carcinogen. Exposure to PCB vapour or fumes may cause acne, 


irritation of respiratory passage ana injury to the liver. 


The reduced cancer deaths attributable to lower emissions of 
polychlorinated biphenyls that would result from implementation 
of the proposed revisions to Regulation 308 are calculated using 
the Massachusetts unit risk factor. The reduced cancer 


mortality is negligible under each scenario. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 0.15 micrograms per cubic metre averaged over 
24 hours, which we expressed as an annual average of 

0.03 micrograms per cubic metre. Concentrations calculated from 
the estimated emissions of Regulation 308 Sources do not exceed 
this standard. 


The areas affected by polychlorinated biphenyl emissions from 
Regulation 308 Sources are shown in Exhibit I.75 (Appendix I). 
Profiles of PCB concentration due to Regulation 308 Source 


emissions by scenario are provided in Exhibit 1.76. 
4.41 Propionaldehyde 


Propionaldehyde is not considered carcinogenic. Other health 


effects are not known. The principal concern is odour. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 2.5 micrograms per cubic metre averaged over 


94 nours, which, ve converted to 0.5 micrograms per cubic metre as 
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an annual average. Concentrations calculated from the estimated 


emissions of Regulation 308 Sources do not exceed this standard. 


As discussed. éarlier for other contaminants that may cause odour 
problems, this simply means that propionaldehyde odour is not a 
continuous problem anywhere. We are not able to address the 
frequency and persistence of odour occurrences, norscievextent: to 
which the proposed revisions to Regulation 308 would relieve such 


problems. 


The areas affected by propionaldehyde emissions from 
Regulation 308 Sources are shown in Exhibit 1.77 (Appendix I). 
Profiles of propionaldehyde concentration due to emissions by 
Regulation 308 Sources under each scenario are presented in 
BXneoLe nly 78% 


4.42 Propionic Acid 


Propionic acid is not considered carcinogenic. Acute human 
exposures cause mild to moderate skin burns and mild eye 


response. 


The proposed revisions to Regulation 308 include an ambient air 

quality standard of 80 micrograms per cubic metre averaged over 

one hour. We converted this to an annual average of 

6.67 micrograms per cubic metre. Concentrations calculated from 
the estimated emissions of Regulation 308 Sources do not exceed 

this standard. 


The areas affected by propionic acid emissions from 
Regulation 308 Sources are shown in Exhibit I.79 (Appendix I). 
Profiles of propionic acid concentration due to emissions by 
Regulation 308 Sources under each scenario are presented in 
Bx pate 8'0s 
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4.43 Propylene Oxide 


Propylene oxide is Classified as a probable human carcinogen. It 


is also an. irritant. to the eyes, skin, respiratory passage and 


nS Sic 


The reduced cancer deaths attributable to lower emissions of 
propylene oxide that would result from implementation of the 
proposed revisions to Regulation 308 are calculated using the 
Massachusetts unit risk factor. The reduction in cancer 
mortality is significantly less than one life per year under each 


scenario. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 4,500 micrograms per cubic metre averaged 
over 24 hours, which we expressed as 900 micrograms per cubic 
metre averaged over one year. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 


standard. 


The areas affected by propylene oxide emissions from 
Regulation 308 Sources are shown in Exhibit I.81 (Appendix I). 
Profiles of propylene oxide concentration due to emission by 
Regulation 308 Sources under each scenario are displayed in 
Exntpit sie... | 


4.44 Selenium 


There is conflicting evidence as to whether selenium is 
carcinogenic. Exposure to selenium dust has caused catarrh, nose 
bleeds, and loss of smell. Exposure to fumes has caused frontal 


headache, intense eye irritation and difficulty breathing. 


The proposed revisions to Regulation 308 include an ambient air 


quality standard of 10 micrograms per cubic metre averaged over 


hs) 


24 hours. We converted this to 2 micrograms per cubic metre as 
an annual average. Concentrations calculated from the estimated 
emissions of Regulation 308 Sources do not exceed this standard 


at present. +1) 


Selenium can also cause crop damage. Some 25,689 km? of crop 
land (75% of Ontario's total) are exposed to emissions of 
selenium from Regulation 308 sources. However, there are no 
areas where selenium concentrations from these sources exceed the 


proposed standard. 


The areas affected by selenium emissions from Regulation 308 
Sources are shown in Exhibit I.83 (Appendix I). Profiles of 
selenium concentration due to emissions from Regulation 308 


Sources by scenario are presented in Exhibit 1.84. 


4.45 Silica 


Silica is not considered carcinogenic. Exposure to respirable 


Ssiuiica Causes. silicosis. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 5 micrograms per cubic metre averaged over 

24 hours, which we converted to 1 microgram per cubic metre as an 
annual average. Concentrations calculated from the estimated 


emissions of Regulation 308 Sources exceed this standard. 


The area and population exposed to above threshold concentrations 
of silica as a result of Regulation 308 Source emissions are as 


follows: 
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Change from Current 


Area Population Area Population 
(km?) 
Gaeronte time 1600 645,000 - cay 
Scenarios "Al <gi"pl | 320 129,000 -80% ~80% 
scenario... "5B" 176 83,000 -89% ee 
Scenario "c" 608 288,000 -62% FB>% 
Scenario "E" 57.6 238,000 -64% -63% 


The proposed revisions to Regulation 308 do not succeed in 
reducing silica concentrations due to Regulation 308 Sources 
alone below the proposed threshold value in all areas of the 
province. The areas with above threshold concentrations are 
located in Kirkland Lake, Mississauga, Sarnia and Timmins as 
shown ini Exhibit 4403. | 


The areas affected by silica emissions from Regulation 308 
sources are shown in Exhibit 2.85) (Appendix 1). . Prefilecser 
Silica concentration due to emissions from Regulation 308 Sources 


by scenario are presented in Exhibit I.86. 


4.46 Styrene 


Styrene is classified as a probable human carcinogen. Styrene 
causes irritation of eyes, nose, and throat and, at higher 
concentrations, nausea, headache, decreased coordination and a 
sense of inebriation. . 


The reduced cancer deaths attributable to lower emissions of 
styrene that would result from implementation of the proposed 
revisions to Regulation 308 are calculated using the 
Massachusetts unit risk factor. The estimated reduction in 
cancer deaths is negligible. 


The proposed revisions to Regulation 308 include an ambient air 


quality standard of 400 micrograms per cubic metre averaged over 
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PA BnOULS, which we converted to an annual average of 
80 micrograms per cubic metre. Concentrations calculated from 


the estimated emissions of Regulation 308 Sources do not exceed 


this standard2: 


Styrene also gives rise to odour problems. The fact that 
concentrations do not exceed the proposed threshold indicates 
that Regulation 308 Sources are not enduring odour problems. 
However, the frequency and duration of odour problems, as well as 
the effect of the proposed revisions to Regulation 308 in 


reducing these problems, can not be determined. 


The areas affected by styrene emissions from Regulation 308 
Sources are displayed in Exhibit 1.87 (Appendix I). Profiles of 
styrene concentration due to Regulation 308 Sources emissions by 


scenario are presented in Exhibit 1.88. 
4.47 Sulphur Dioxide 


Sulphur dioxide is not considered carcinogenic. It causes 
respiratory problems, is phytotoxic, causes materials damage, and 


can reduce visibility. 


The proposed revisions to Regulation 308 include an ambient air 

quality standard Of pao micrograms per cubic metre averaged over 
24 hours, which we converted to 55 micrograms per cubic metre as 
an annual average. Concentrations calculated from the estimated 


emissions of Regulation 308 Sources exceed this standard. 


The population and areas exposed to above threshold 
concentrations of sulphur dioxide due to Regulation 308 Source 


emissions alone are estimated as follows: 


Ole 


Change from Current 


Area Population Area Population 
(km<) 
Gurren tgs 2) sot 64 OOO - - 
Scenarios "All’g "pt. 16 k -75% -100% 
Scenario "B" 16 Kk -75% -100% 
scenario. "Cc" 32 1.2°/000 -50% 0% 
Scenarior" mr" 32 127000 -50% 0% 


**k* = less than 500 


Monitoring data for sulphur dioxide indicate that the 
concentrations due to non-Regulation 308 Sources in the areas 
affected by Regulation 308 emissions are less than 12 micrograms 
per cubic metre as an annual average in all cases. When this 
value is added to the estimated concentrations due to 

Regulation 308 Sources the above figures are the same, except for 
the current situation. The population currently exposed to 
concentrations above the proposed standard due to sulphur dioxide 


emissions from all sources is 67,000. 


The areas affected by above threshold concentrations of sulphur 
dioxide are in the "golden horseshoe" as shown in Exhibit 4.14. 

The results indicate that the proposed revisions to 

Regulation 308 would be effective in virtually eliminating above 
threshold exposures to sulphur dioxide under scenarios A, B and 
D. Scenarios C and E would have little impact on the reducing 


exposures to above threshold concentrations. 


Exposure-response functions for sulphur dioxide are provided in 
Appendix H with respect to: 

MOoLrtaLlcy? 

hospital days for respiratory conditions; and 


hospital admissions for respiratory disease. 


Reductions in mortality estimated to result from lower 


concentrations of sulphur dioxide attributable to implementation 
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of the proposed revisions to Regulation 308 are estimated as 


follows: 

eg ees ae Range of Economic 

il ee Reduced Mortality Benefits/Year 

Deaths/Year G1T98'6 ECS) 

Scenarios. "Aw Supe 250 S550 %— 17 738emil lion 
Scenario "B" 300 $660 - 2,085 million 
Scenario "c" 97 S283" = 674) mason 
Scenario "E" 97 S23 C7 Ao On 


The estimated benefits of the proposed revisions to 
Regulation 308 in the form of reduced hospitalization due to 


lower sulphur dioxide concentrations are as follows: 


Scenarios Scenario Scenario Scenario 
WA & D" mp "wo wR 
Hospital Days for 
Respiratory Conditions 3,746 4,495 ea SS 1,458 
Hospital Admissions for 
Respiratory Disease. 381 457 148 148 
Value (million 1986 C$) 
Low S25 S320 S50 Sao) 


Pee Centra | SS S014 Sod S34 


in additionsto being a health hazard, sulphur dioxide is 
phytotoxic. Emissions from Regulation 308 sources affect 18,438 
km?, 54 percent of the area under cultivation in the province. 
However, all of the areas where above threshold concentrations 
occur are urban. No agricultural areas are exposed to above 


threshold concentrations of sulphur dioxide. 


The areas affected by sulphur dioxide emissions from 
Regulation 308 Sources are shown in Exhibit I.89 (Appendix I). 
Profiles of sulphur dioxide concentrations due to Regulation 308 


Source emissions by scenario are presented in Exhibit I.90. 
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4.48 Suspended Particulate Matter 


Suspended particulate matter is not considered carcinogenic. 
Suspended particulate matter does cause respiratory problems, 


damages materials and reduce visibility. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 120 micrograms per cubic metre averaged over 
24 hours or 60 micrograms per cubic metre as an annual average, 
calculated as a geometric mean. The proposed standard of 

120 micrograms per cubic metre over 24 hours was converted to a 
annual (arithmetic) average of 24 micrograms per cubic metre. 
Concentrations calculated from the estimated emissions of 


Regulation 308 Sources exceed this standard. 
The population exposed to above threshold concentrations of 


suspended particulate matter due to emissions from Regulation 308 


Sources alone are estimated as follows: 


Change from Current 


Area Population Area Population 
(kin? ) 
Current 240 159,000 ~ - 
Scenariosm on habe 48 22000 - -80% -86% 
Scenario "B" ) 16 * -93% -100% 
Scenario: ic" 144 ~ 795,000 -40% -40% 


Scenario "5" 80 45,000 -67% -72% 


kK* ve SLesse conan. 500 


The proposed revisions to Regulation 308 achieve a significant 
reduction in the exposures to above threshold concentrations of 
suspended particulate matter due to Regulation 308 Source 
emissions. The reductions under Scenario C are much smaller than 


those under the other scenarios because it is less stringent. 
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Monitoring data are available for suspended particulate matter. 
The monitoring results indicate that the proposed standard of 

60 micrograms per cubic metre is exceeded at many stations. When 
the estimated concentrations due to Regulation 308 Sources 
emissions are subtracted from the monitoring results, the 
"residuals" at several stations still exceed the proposed 
threshold. Thus, we can not use the approach employed for other 
contaminants where monitoring data are available. In this case 
adding the maximum "residual" value to all Regulation 308 Source 
concentrations would put all areas over the threshold because the 
maximum residual exceeds the threshold. We had no basis for 


selecting any other single or set of residual values. 


However, it is clear that current particulate matter 
concentrations from all sources exceed the proposed threshold in 
many areas. The concentrations due to Regulation 308 source 
emissions alone exceed the proposed threshold in Mississauga and 
Timmins (see Exhibit 4.15). And the proposed revisions to 
Regulation 308 will not be sufficient to eliminate the above 


threshold occurrences’) attributable towthe controlled sources. 


Exposure-response functions for suspended particulate matter are 
available for: | 

eemorctality;: 

» restricted activity days; 

. emergency room visits; 

. materials damage; and 

eva SLO it ye 


These functions are described in Appendix H. 


Reductions in mortality estimated to result from lower 
concentrations of suspended particulate matter attributable to 
implementation to the proposed revisions to Regulation 308 are 
estimated as follows: 
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Range of Economic 


Reduced Mortality Benefits/Year 

wiWipeaths/Vear. | cil (1986. ¢5) eae 
Scenarios "A'l’g "D" 50 $110 - 348 million 
Scenario "BM! 0s: 54 $749 -. 375 million 
Scenaraqnc" 25 . §$ 55 - 174 million 
Scenario "E" 36 S$ 79 - 250 million 


The benefits of implementing the proposed revisions to 
Regulation 308 in the form of lower restricted activity days and 
emergency room visits due to reduced particulate matter 


concentrations are estimated to be as follows: 


Scenarios Scenario Scenario Scenario 
WA & D! m_t Wo Wye 
Emergency Room Visits 2,940 3,188 1,492 2h. 20 
Restricted Activity 

Days 616,000 668,000 $137,000 443,000 
Value (million 1986 C$) 

2 LOW $6.6 Syee Saya $437 

Central Ssye7 $40.9 S19. 2 Sid fa 


The improved visibility and reduced materials damage estimated to 
result from lower concentrations of particulate matter 
attributable to implementation of the proposed revisions to 
Regulation 308 are as follows: | 


Scenarios Scenario Scenario Scenario 


wan & Wp wai LL Oa whi 
Visibility Low ‘$'11653'.2 Sime ro On.2 SeUR2604 iy oye We! 
(million Centrales ine 0oms Sas, 40053 Pee stots’ ry Si O6.o 
1986 C$) | 
Materials Damage Low $ 55:8 S 62.5 $ at) $ Ces 
(million Central $ Sar 0 S O25 $ 42 a1 $ 59.8 


1986 C$) 


Oo 


The materials damage benefit is only a partial estimate. It 
covers only the benefits to households of reduced soiling. The 
central value for Scenario B represents less than $30 per 
household per‘year, an amount that seems quite achievable as an 
annual saving in dry cleaning and other household cleaning costs. 
Other types of materials damage and other groups are excluded 


from the estimates. 


The areas affected by suspended particulate matter emissions from 
Regulation 308 Sources are shown in Exhibit I.91 (Appendix I). 
Profiles of particulate matter concentration due to emissions 
from Regulation 308 Sources by scenario are presented in 

Exh bate Te9 2 


4.49 Tin 


Tiny us Neteconsidered carcinogenic... Tin. salts are vhighly toxic 
after they have gained access to the blood stream, causing 
paralysis and other neurologic damage. Organic tin compounds 
have been linked to skin irritation and effects on the central 


nervous system and circulatory system. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 10 micrograms per cubic metre averaged over 
24 hours, which we expressed as 2 micrograms per cubic metre 
averaged over a year. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 
standard. 


The areas affected by tin emissions from Regulation 308 Sources 
are shown in Exhibit I.93 (Appendix I). Profiles of tin 
concentration due to Regulation 308 source emissions by scenario 


are presented in Exhibit 1.94. 


oO 
4.50 Toluene 


Toluene does not appear to be carcinogenic. Acute exposure may 


cause mental-'¢onfusion, dizziness and inappropriate behaviour. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 2,000 micrograms per cubic metre averaged 
over 24 hours, which we converted to 400 micrograms per cubic 
metre as an annual average. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 


standard. 


The areas affected by toluene emissions from Regulation 308 
Sources’ are shown an “Exhibitei.95e(Appendion 2). 6 Prot) lesmor 
toluene concentration due to emissions from Regulation 308 


Sources by scenario are presented in Exhibit I.96. 
4.51 Toluene Diisocyanate 


Toluene diisocyanate is classified as a probable human 
carcinogen. Acute exposure to vapour can produce severe irritant 


effects on mucous membranes, the respiratory tract and the eyes. 


The reduced cancer deaths attributable to lower emissions of 
toluene diisocyanate that would result from implementation of the 
proposed revisions to Regulation 308 are calculated using the 
Massachusetts unit risk factor. The reduction in cancer 
mortality is significantly less than one life per year under each 
scenario. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 0.5 micrograms per cubic metre averaged over 
24 hours, which we expressed as 0.1 micrograms per cubic metre as 
an annual average. Concentrations calculated from the estimated 
emissions of Regulation 308 Sources do not exceed this standard. 


Ue 


The areas affected by toluene diisocyanate emissions from 
Regulation 308 Sources are shown in Exhibit 1.97 (Appendix I). 
Profiles of toluene diisocyanate concentration due to emissions 
from Regulatién 308 Sources by scenario are presented in 
Exhibit 1.98. 


4.52 1,1,1-Trichloroethane (Methyl Chloroform) 


1,1,1-trichloroethane is a suggested human carcinogen. Other 


human health effects are not well known. 


The reduced cancer deaths attributable to lower concentrations of 
1,1,1-trichloroethane that would result from implementation of 

the proposed revisions to Regulation 308 are calculated using the 
Massachusetts unit risk factor. The reduced cancer mortality due 


to the proposed revisions to Regulation 308 is insignificant. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 115,000 micrograms per cubic metre averaged 
over 24 hours, which we converted to 23,000 micrograms per cubic 
metre aS an annual average. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 


standard. 


The areas affected by 1,1,l-trichloroethane emissions from 
Regulation 308 Sources are shown in Exhibit I.99 (Appendix I). 
Profiles of 1,1,1-trichloroethane concentrations due to 
emissions from Regulation 308 Sources by scenario are presented 
ins, Exhibits, 1241.00. 


4.53 Trichlorobenzenes 


We selected 1,3,5-trichlorobenzene to represent 


trichlorobenzenes generally. It is not considered carcinogenic, 


Aly 


but is moderately irritating to the skin and has been associated 


with liver injury and hair loss. 


The proposed: “revisions to Regulation 308 include a proposed 
ambient air quality standard of 35 micrograms per cubic metre 
averaged over 24 hours for 1,2,4-trichlorobenzene. We converted 
this to 7 micrograms per cubic metre as an annual average and 
used it as the health threshold. Concentrations calculated from 
estimated emissions of Regulation 308 Sources do not exceed this 


proposed standard. 


The areas affected by emissions of trichlorobenzenes from 
Regulation 308 Sources are shown in Exhibit I.101 (Appendix I). 
Profiles of trichlorobenzene concentration due to emissions from 
Regulation 308 Sources by scenario are presented in 

EXD abate lO 2 


4.54 Trichloroethylene 


Trichloroethylene is classified as a probable human carcinogen. 
Inhaled trichloroethylene attacks the central nervous system, 


liver, kidney and haematological system. 


The reduced cancer deaths attributable to lower emissions of 
trichloroethylene that would result from implementation of the 
proposed revisions to Regulation 308 are calculated using the 
TRIS “Unit risk factor., *Thersreduced: Cancer mortality is 


significantly less than one life per year under each scenario. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 28,000 micrograms per cubic metre averaged 
over 24 hours, which we converted to 5,600 micrograms per cubic 
metre as an annual average. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 
standard. 
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Trichloroethylene also gives rise to odour problems. Since the 
trichloroethylene concentrations do not exceed the proposed 
standard, there are no persistent odour problems due to 
Regulation 308 Sources. However, the frequency and duration of 
odour problems, as well as the effect of the proposed revisions 
to Regulation 308 in reducing these problems, can not be 


determined. 


The areas affected by trichloroethylene emissions from 
Regulation 308 Sources are shown in Exhibit 1.103 (Appendix I). 
Profiles of trichloroethylene concentration due to Regulation 308 


Source emissions by scenario are provided in Exhibit I.104. 
4.55 Vinyl Chloride 


Vinyl chloride is classified as a probable human carcinogen. 
Short term acute exposures may cause dizziness, headache, 


unconsciousness and death. 


The reduced cancer deaths attributable to lower emissions of 
vinyl chloride that would result from implementation of the 
proposed revisions to Regulation 308 are calculated using the 
Massachusetts unit risk factor. The reduction in cancer 
mortality is significantly less than one life per year under each 


scenario. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 280 micrograms per cubic metre averaged over 
24 hours, which we converted to 56 micrograms per cubic metre as 
an annual average. Concentrations calculated from the estimated 


emissions of Regulation 308 Sources do not exceed this standard. 


The areas affected by vinyl chloride emissions from 


Regulation 308 Sources are shown in Exhibit I.105 (Appendix I). 
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Profiles of vinyl chloride concentration due to Regulation 308 


Source emissions by scenario are presented in Exo re cre noe. 


Teme 


4.56 Xylenes-":) 


Xylenes are not considered carcinogenic. Low concentrations 
cause irritation to eyes, nose and throat. Higher concentrations 


may cause dizziness, nausea and unconsciousness. 


The proposed revisions to Regulation 308 include an ambient air 
quality standard of 2,300 micrograms per cubic metre averaged 
over 24 hours, which we expressed as 460 micrograms per cubic 
metre averaged over a year. Concentrations calculated from the 
estimated emissions of Regulation 308 Sources do not exceed this 


standard. 


The areas affected by xylenes emissions from Regulation 308 
Sources are shown in Exhibit 1.107 (Appendix I). ” Profiles of 
xylenes concentration due to Regulation 308 Source emissions by 


scenario are presented in Exhibit 1.108. 


5.0 SUMMARY AND CONCLUSIONS 


5 ene LOdUCtLOn 


Ee 
act g,) 


This chapter presents a summary of our results, some 
interpretation of those results, and suggestions for future 


refinements. 


The public benefits associated with the proposed revisions to 
Regulation 308 relate primarily to human health. This is not 


Surprisings in that: 
moctaotethe emission sources are Jocated in. urban jareas: 


. the contaminants of concern are identified primarily because 


of their potential impact on human health; and 


research into the effects of contaminants focuses first on 
human health, so those are the benefits for which the best 


inrornatvon. 1S Avallable. 


Some of the major known sources of damage to other environmental 
resources, such as ozone, nitrogen dioxide and sulphates, play 
only a minor role in this study. The largest sources of nitrogen 
dioxide and sulphate emissions fall under the acid rain 
initiative and hence outside the purview of this analysis. 

Ozone, because it is formed in the atmosphere rather than 


emitted, also is not addressed in this study. 


We stress again that this analysis is a broad overview of the 
public benefits of the proposed revisions to Regulation 308. It 
is inevitable that in a broad overview many of the details will 
be somewhat fuzzy. The suggestions for future refinements are 


generally designed to better understand such details. That will 
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gradually yield a better overall picture of the public benefits 


of improved air quality. 
Dae Reduced’'Mortality 


5.2.1, Cancer Mortalicy 


Many of the 96 contaminants analysed are suspected, probable wor 
known carcinogens. Emissions were estimated for 54 of the 
96 contaminants. Cancer unit risk factors are available for 21 
of those contaminants. This enabled us to estimate the reduced 
cancer mortality resulting from the proposed revisions to 
Regulation 308 for these 21 carcinogens. Our estimates of the 


annual reduction in cancer mortality are shown in Exhi bites ie 


The largest benefit occurs under Scenario B -- the most stringent 
controls -- and the smallest benefit occurs under Scenarios c, == 
the least stringent controls. Under Scenario B, we estimate that 
annual cancer mortality would be reduced by 18 lives. Depending 
upon the value placed on a statistical life, this represents an 
annual public benefit of between $40 and $125 MilVion. /\ Uneer 
Scenario C annual cancer mortality would be reduced by 11 lives, 
representing a public benefit of between $24 and $76 miliLLon 
annually. Regardless of the scenario chosen, the public benefit 
of reduced cancer mortality due to implementation of the proposed 


revisions to Regulation is between $24 and $125 million. 


The estimated reduction in cancer mortality for chromium is 
probably overstated. It was necessary to apply the cancer une 
risk factor for the most virulent form -- hexavalent chromium -- 
to all chromium emissions thus raising the estimated reduction in 
cancer mortality. On the other hand, cancer unit risk factors 
are not available for some probable or suspected carcinogens such 


as ethylene dibromide, ethylene oxide and selenium so the 


EXHIBIT 5.1: \ REDUCED ANNUAL MORTALITY BY CONTAMINANT AND 
‘ SCENARIO ; 
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ah wo 


Scenarios 
A & D 


CANCER 


Acrylonitrile 
Arsenic 

Asbestos (total) 
Benzene 

1,3 Butadiene 
Cadmium 

Carbon Tetrachloride 
Chloroform 

Chromium 
Epichlorohydrin 
Ethylene Dichloride 
Formaldehyde 
Methylene Chloride 
Nickel 
Polychlorinate Biphenols 
Propylene Oxide 
Styrene 

Toluene Diisocyanate 
1,1,1-Trichloroethane 
Trichloroethylene 
Vinyl Chloride 


Subtotal Cancer ales 
NON-CANCER 
Sulphur Dioxide 250 
Particulate Matter 50 
TOTAL REDUCED MORTALITY 327 
Estimated Value 
(million 1986 $C) 

- Low $697.4 


. High poe a: 


oe me Rome emege Teme ewen: Bemeked em ems ke) 


Scenario 


B 


=) 
(ee) 


300 
54 


Sane 


$818.4 
$2,585.4 
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reduction in cancer mortality is underestimated in those 


instances. 


Arsenic and éhromium account for over 88 per cent of the reduced 
cancer mortality. The principal sources of emissions of these 
contaminants are the ferro-alloys, industrial inorganic 
chemicals, industrial organic chemicals and chemical products 


industries. 


5.2.2 Non-Cancer Mortality 


Exposure-response functions to estimate reduced non-cancer 
mortality resulting from lower contaminant emissions are 
available for sulphur dioxide and particulate matter. The 
estimated reductions in mortality due to implementation of the 
proposed revisions to Regulation 308 are shown in Exhibit 5.1 for 
each scenario. The reductions are much larger for sulphur 
dioxide than for particulate matter. Both are much larger than 


the reductions in cancer mortality. 


Again the largest benefit occurs under Scenario B, while the 
smallest benefit occurs under Scenario C.7"Underuscenar so uc. 
non-cancer mortality is reduced by 122 lives per year. Depending 
upon the value placed upon reduced mortality, this represents an 
annual benefit of between $268 and $848 million. Under 

Scenario B, the annual reduction in non-cancer mortality is 

354 lives. This represents a public benefit of between $779 and 
$2,460 million annually. 


The total reduction in mortality from the proposed revisions to 
Regulation 308 is estimated to be a total of between 133 and 
372 lives annually. The yearly public benefit ranges between 
$0.3 and $2.6 billion. Scenario B provides the greatest 
reduction in mortality and largest public benefit, reduced 
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mortality of 272 lives and, depending on the value placed ona 
human life, a benefit of $0.8 to $2.6 billion annually. 


eye Other Héalth Benefits 
5.3.1 Quantified Human Health Benefits 


Exposure-response functions for non-cancer health benefits are 
available for sulphur dioxide and particulate matter. The 
estimated human health benefits resulting from reduced emissions 


of these Contaminants ‘are’ shown in’ Exhibit 5: 2% 


Again Scenario B, the most stringent, yields the greatest 
benefits while Scenario C, the least stringent, yields the 
smallest benefits. The benefits associated with reduced 
emissions of particulate matter are greater than those due to 


reduced sulphur dioxide emissions. 


Under Scenario B we estimate that the annual quantifiable human 
health benefits from reduced concentrations of sulphur dioxide 
and particulate matter will be between $10 and $51 million. 
Under Scenario C these public benefits are estimated between $4 
andso2s- million, 


5.3.2 Reduced Exposures to Above Standard Concentrations 


The human health benefits due to reduced emissions of sulphur 
Gioxide of particulate matter only capture a small part of the 
non-lethal human health benefits from more stringent control 
emissions proposed by the revisions to Regulation 308. Exposure- 
response functions have yet to be developed for the vast majority 


of contaminants examined in this study. 


In the absence of an exposure-response function, the analysis 


examined the population exposed to contaminant concentrations 


Scenarios Scenario Scenario Scenario 
A & D B (ais E 
Sulphur Dioxide 
Hospital Days for 
Respiratory Conditions 3,746 4,495 1,458 Leos 
Hospital Admissions 
for Respiratory 
Disease 381 457 148 148 
Value (million 1986 SC) 
Low S25 $35.0 Sien0 SiO 
Central SS 7 S2POn.4 S34 Soe 
Particulate Matter 
Emergency Room Visits 2,940 3°; 28S 1,492 2 pay 
Restricted Activity 
Days 616,000 668,000 8.13'7000 443,000 
Value (million 1986 $C) 
- Low $6.6 S72 S34 a Day 
central Soin: $40.9 S972 S27 ah 
Tota. (md a onwilo8.6 3S c) 
Low $9.1 S102 $4.4 Shue 
Central $46.4 SOM eo S2Z2nG youre 
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above the standard included in the proposed revisions to 
Regulation 308. In a few cases, where monitoring information was 
available, the: analysis was based on the estimated ambient 
concentration ‘from all sources. For most contaminants, however, 
the analysis was limited to exposures to the concentrations 
estimated from Regulation 308 Source emissions alone. In those 
cases, they underestimate the public benefits of the proposed 


revisions to Regulation 308. 


The results are summarized in Exhibit 5.3. The figures can not 
be added because the toxicity of exposures to above threshold 
concentrations varies from one contaminant to another. It is 
obvious that many residents of Ontario are currently exposed to 
concentrations above the proposed thresholds for several 
contaminants. Implementation of the proposed revisions to 
Regulationy308—will vintually)eliminatesexposure sto,above 
proposed standard concentrations except for arsenic, chromium, 


selica, sulphur dioxide and suspended particulate matter. 


The proposed revisions to Regulation 308 are effective in 
reducing the exposures to above proposed standard concentrations 
for the six contaminants where monitoring data are available. 
Manganese currently meets the proposed standard in the areas 
affected by emissions from Regulation 308 Sources. Cadmium, lead 
and nickel presently do not meet the proposed standard in some 
areas, but do meet the standard when the proposed revisions are 
implemented, with the exception of nickel under Scenario C. The 
last two contaminants -- chromium and sulphur dioxide -- do not 
meet the proposed standard at present or under any of the 
scenarios, but the number of people exposed to above threshold 
concentrations, ls reduced by the proposed revisions to 


Regulation 308. 


These results must be qualified. The analysis is based on annual 


average concentrations, the dispersion of these contaminants has 
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EXHIBIT 5.3: POPULATION EXPOSED TO ABOVE THRESHOLD CONCENTRATIONS OF 
CONTAMINANTS ('OOOs) 


Current Scenarios Scenario Scenario Scenario 


A&D B Cc E 
Arsenic 228 34 34 67 34 
Cadmium* i Ti ai 7 re 
Cadmium me 7 = ‘3 cs 
Chromium™ 75 26 26 34 26 
Chromium 34 - - 34 = 
Ethylene Dibromide 345 ~ - - 345 
Fluorides co = = tee = 
Lead™ 28 ~ - - - 
Lead a eciatiak - - 7 - 
Nickel* 34 - - 26 - 
Nickel 26 - = = = 
Nitrogen Oxides 1 1 1 sat 1 
Silica | 645 129 83 288 238 
Sulphur Dioxide* 67 iz ie 12 12 
Sulphur Dioxide 3 Sh ay 12 12 
Suspended Particulate 159 22 ei 95 45 


Denotes contaminant for which population exposure is based on 
ambient concentration from all sources. In all other cases 
exposure is to concentrations due to Regulation 308 Source 
emissions alone. 


** Population exposed is less than 500. 
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been modelled on the assumption that they are gases and the 
smallest area considered is 16 km. Hence exceedances in smaller 
areas, especially near the emission sources, and over shorter 


periods are not detected by the analysis. 
5.4 Other Public Benefits 


5.4.1 Visibility and Materials Damage 


Functions to estimate the value of improved visibility and 
reduced materials damage are available for nitrogen oxides and 
particulate matter. The results, by scenario, for the proposed 


revisions to/;Regulation 308 are »presented..in Exhibit 5.4, 


In both cases, the benefits associated with reduced emissions of 
nitrogen oxides are greater than those due to reduced emissions 
of particulate matter. The benefits estimated for improved 
Visibility are approximately five times as large as those 


estimated for reduced materials damage. 


The public benefits of improved visibility and reduced material 
damage from concentrations of nitrogen oxides and particulate 
matter are greatest under Scenario B; the least public benefit 
is derived from Scenario C. The total public benefits under 
Scenario B are estimated to be between $2.5 and $5.1 billion. 
Under Scenario C the public benefits are estimated to be between 
Sie oeend $2 .d.ebill ion. 


It was not possible to determine additional visibility or 
materials damage benefits for other contaminants examined in this 
study due to a lack of exposure-response functions relating 
contaminant concentrations to improved visibility and reduced 


material damages. 


nnn LEE EEE EEE 


Visibility 


Nitrogen Oxides 
(million 1986 C$) 


Particulate Matter 
(million 1986 C$) 


Total 
(million 1986 CS) 


Materials Damage 


Nitrogen Oxides 
(million 1986 C$) 


Particulate Matter 
(million 1986 C$) 


Total 
(million 1986 C$) 


Scenarios Scenario Scenario Scenario 


A&D 


Low $1,249.0 
Central $2,560.4 


Low 


SOoS+e 


Central $1,306.3 


Low $1,902.2 
Central $3,866.7 


S3e9ir2 
$666.3 


S55 
$83.0 


5509.0 
$749.3 


B Cc 


Si 301.4 295255 
$2,790.92" S 191196 


$700'S2 $328.4 
$1,400.3 $656.7 


SD. 061s6egSL, 26089 
$4,191.2 $2,568.3 


E 


$1,013.2 
$2,077.0 


$583.4 
S1166.8 


$1,596.6 
$3 2456 


S279). 7; 


$402.9 $234.4 
$805.8 $468.8 

$6.5 $2.9 
Sooo $42.1 
$409.4 $23736 
$898.3 $510.9 


$559.4 


$4.2 
$59.8 


$283.9 
$619.2 
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Five of the 54.contaminants for which emissions were estimated 
are considered to be potential odour problems; methyl isobutyl 
ketone, naphthalene, propionaldehyde, styrene, and 
trichloroethylene. Concentrations of these five contaminants are 
below the proposed standards in all areas. That finding must be 
treated with caution, because it is based on annual average 
concentrations. Odour could still be a problem over shorter 
periods. The impact of the proposed revisions to Regulation 308 
in mitigating short-term odour problems can not be determined 
from the available data. 


5.49.3, BePAVeotoxichey 


Only eight of the 54 contaminants for which emissions were 
estimated are identified as being potentially harmful to plants. 
These contaminants, the area under crops exposed to emissions of 
the contaminant by Regulation 308 Sources and the cropland 
exposed to above threshold concentrations of the contaminant are 


as follows: 


/ Area Exposed 
Agricultural Area Percent of to above 


Exposed Total Area Threshold 
Exposed Concentrations 
(km) (km< ) 
Cadmium” | 26,821 78% 0 
Chlorine omeliy dal 18% 0 
Ethylene PAP | 3 ES 75% 0) 
Fluorides 24,982 WAS 0 
Hydrogen Chloride PAP Ns} 8% 0 
Nickel* 26,736 78% 0 
Selenium 25,689 15% f@) 
Sulphur Dioxide* 18,438 54% 0 


% The calculated exposures include the maximum contribution of 


non-Regulation 308 Sources as estimated from monitoring 
data. 


Leo 


The agricultural areas exposed to emissions of these contaminants 
from Regulation 308 Sources are relatively large. However, no 
areas are exposed to concentrations in excess of the proposed 
standards for! ‘these. contaminants due to emissions from 
Regulation 308 Sources alone. Hence, the public benefits in the 
form of reduced damage to crops ana forests resulting from the 
proposed revisions to Regulation 308 are likely to be small and 


possibly negligible. 
5.5 Aggregate Economic Valuation 


The estimated values of reduced mortality, non-lethal health 
benefits, lower materials damage and improved visibility 
resulting from implementation of the proposed revisions to 


Regulation 308 are summarized in Exhibits: 5. 


These figures apply ONLY to those FEW cases where the public 
benefits can'be quantified and the associated economic values can 
be estimated. The absence of a damage function or even 

emissions data for a contaminant does not mean that there is no 
benefit to be had by regulating emissions of that contaminant. 
Given the limited range of contaminants and benefits that can be 
quantified and valued, the figures in Ben UbLt., os Smust eae 
considered minimum estimates of the benefits associated with the 


proposed revisions to Regulation S08. 


In the low case, the annual benefits range from $1.8 to 

$3.3 billion and are predominantly attributable to improved 
visibility. In the central case, the annual benefits range from 
$4.0 to $7.7 billion. The health*benerits represent 


approximately 25 to 35 per cent of the total aim?) ene central case. 


Results from a study conducted for the California Air Resources 
Board showed that between 62 to 68 per cent of the benefits of 


air pollution control were due to human health, while between 12 


EAH DBT 525s 


Low Case 
Reduced Mortality 


Non-Lethal Health 
Benefits 


Lower Materials 


Damage 


Improved Visibility 


Total 


Central Case 
Reduced Mortality 


Non-Lethal Heal 
Benefits 


Lower Materials 


Damage 


Improved Visibility 


Total 
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and 30 per cent were due to materials damage and between 8 and 
25 per cent were due to changes in visibility. Less than 


1 per cent of the benefits were due to reduced crop and forest 


? 
« 


damage. ee 


The differences with this study are due, in part, to differences 
in the contaminants considered. The California study included 
ozone and major sources of sulphate and particulate emissions 
that were excluded from this study because they are governed by 
the acid rain initiative. The Santa Clara and Denver Integrated 
Environmental Management Projects found that sulfate aerosol air 
pollution was the most significant cause of human morbidity and 
mortality among the air pollutants examined. This indicates that 
contaminant coverage can have a major impact on the composition 
of the benefits. 


5.6 Other Findings 


Our analysis of the public benefits of the proposed revisions to 
Regulation 308, despite indicating significant benefits overall, 
raises some questions concerning specific aspects of those 


proposals. Specifically, 


- The fact that no emissions were found for over one-third of 
the contaminants is slightly troubling. They might not be 
emitted by Ontario industry. Or the emissions might be so 
small as to fall under the de minimis provisions of the 
proposal. Or the process of speciating the PM and VOC 
emissions may have inadvertently excluded them. A better 
understanding of the situation with respect to those 


contaminants would be reassuring. 


. The ambient air quality standards that form parteo. sine 
proposed revisions to Regulation 308 are in many instances 


less stringent than comparable standards in American states. 


a2? 


This can be seen in Appendix Cc. In the case of 
trichlorgethylene for example, ambient air quality standards 
are available for 11 states, and all but one of those 
standards’ is more stringent than the 28,000 micrograms per 
cubic metre averaged over 24 hours in the proposed revisions 
to Regulation 308. In some of those states the standard is 
lower by a factor ofe2) 000,59 “Atreview, of, the. proposed 
standards in relation to those used in the United States may 


be warranted. 


For a few contaminants, it appears that the proposed 
requirements relating to control technologies will not 
result in achievement of the ambient air quality standard 
suggested in the revisions to Regulation 308. For example, 
arsenic, suspended particulate and sulphur dioxide 
concentrations due to emissions from Regulation 308 Sources 
exceed the proposed standards in significant areas even 
under the most stringent scenario. Nitrogen oxide 
exceedances are not affected by the proposed revisions to 
Regulation 308. Ambient standards that can not be achieved 
even with the best technology available are of dubious 


value. 


The largest gaps in our knowledge appear to be at the start 
and end of the analytical process used in this study. The 
analysis starts with data on the quantity, composition and 
temporal pattern of contaminant emissions by each source. 

At present these are unknowns. The proposed provisions with 
respect to monitoring, if implemented, will help fill this 
void. 


Our knowledge of the effects of specific ambient 
concentrations of contaminants on human health or other 
resources is very uncertain. The determination of the 


public benefits of reduced ambient concentrations is equally 


Sieh 
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uncertain. Research on the effects of contaminant 


concentrations is an immense task; fortunately it need not 


be specific to Ontario to be of value here. 


Suggested Refinements 


We have stressed repeatedly that the analysis reported) here is 


very broad in scope. It is a pioneering study in terms of the 


scope of its analysis. Not surprisingly then, a number of 


improvements are possible. 


e 


The analysis is based on estimated emissions by identified 
sources. More accurate data on the composition and 
quantities of specific contaminants emitted by specific 
sources would be a major improvement. The methods used in 
this study allow actual emissions data to replace the 
estimated emissions for any source. Thus incremental 
improvements can be made as data become available. 
Comprehensive emission data are not needed to get better 


results. 


It is our understanding that boiler emissions were excluded 
from the estimates for most sectors. Boiler emissions can 
be significant sources of many PM and VOC contaminants. The 
inclusion of boiler emissions would be a relatively simple, 


but significant, extension of the analysis. 


The emissions of a contaminant from non-Regulation 308 
Sources is another major data gap. Monitoring data must be 
used for this purpose. The value of the available 
monitoring data was limited. Many of the contaminants 
analysed are VOC's. The monitoring data do not indicate the 
mix of chemicals that make up the Voc's detected. 


SL. 


The northeast corridor study performed by the U.S. EPA 
suggests that approximately 50 per cent of total voc 
emissions are due to area, not point, ‘sources. Thus, the 
non-Regulation, 308 voc emissions are likely to bea 
significant part of the total and they could have a 
Significantly different composition than the emissions from 


the Regulation 308 Sources studied. 


Analysis of the composition of the VOC's monitored would 
permit the analysis applied to cadmium, chromium, lead, 
manganese, nickel and sulphur dioxide to be extended to all 
voc's. In other words, the effect of the proposed revisions 
to Regulation 308 on ambient concentrations due to all 


emission sources could be assessed. 


Focusing on a smaller geographic area would allow more 
detailed analysis of the study area. A smaller geographic 
area would allow the use of a finer grid (e.g., 2 km), more 
accurate location of sources, and more accurate 
determination of the resources affected by Regulation 308 
Source emissions. The area(s) selected for detailed 
analysis could be the area(s) of greatest interest for each 


contaminant as determined by this study. 


Consideration of the variability of emissions over the 
course of a year rather than simply the annual average. 

This allows the hours of operation of establishments to be 
considered. Fluctuations in emissions during operating 
hours could be simulated. Then threshold exceedances over 
shorter periods could be analysed. Odour reduction benefits 


canlonly rhegaddressedeproperly linwthisecontext. 


This would not enhance the analysis of human health effects 
Significantly. Scientific knowledge of the human health 


effects of exposures to the various contaminants is quite 
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limited in most cases. Only in a few cases would it be 
possible to set different standards for different averaging 
times, such as one hour, 24 hours and one Vedat uw siOor sche 
vast majority ef contaminants a single standard would be 
converted to an equivalent standards for the other averaging 
times. Thus, the human health analysis would gain little 
from the detailed treatment of variations in emissions. 


The output of models of ozone formation, and long range 
transport of air pollutants can be readily added to the 
analysis presented above. The only requirement is the 
ability to express those outputs as annual average ambient 
concentrations over specified areas. Similarly, regulations 
such as the acid rain initiative could be incorporated into 
the analysis to get a more complete picture of air pollution 
in Ontario, and the most effective means of regulating 
contaminants. 


EXHIBIT 2.2: LIST OF 96 REGULATION 308 CONTAMINANTS REFERRED 
LO, EN THLS Oo LUDY. 


Acry Venatrile,*',* 
Ammonia ery 
Arsenic 
Arsine 
Asbestos (Fibers of length greater than 5 micrometers) 
Asbestos (Total) 
Benzene 
Benzo(a)pyrene 
Beryllium 
2-Butanone (Methyl Ethyl Ketone) 
Butyl Acrylate 
Cadmium 
Calcium Cyanide (As total salt) 
Captan 
Carbon Tetrachloride 
Chlordane 
Chlorinated Dibenzo Dioxins (CDDs) 
Mixtures of Chlorinated Dibenzo Dioxins 
and Chlorinated Dibenzo Furans (CDFs) 
Chlorine 
Chlorine Dioxide 
Chloroform 
Chromium 
Coal Tar Pitch Volatiles (Soluble fraction) 
Chromium. (Dj;,.01r ~.and..nexavalent forms) 
Epichlorchydrin 
Ethyl Benzene 
Ethylene 
Ethylene Dibromide 
Ethylene Dichloride 
Ethylene Glycol Butyl Ether (Butyl Cellosolve) 
Ethylene Glycol’ Butyl Ether Acetate (Butyl Cellosolve Acetate) 
Ethylene Glycol Ethyl Ether (Cellosolve) 
Ethylene Gylcol: Ethyl Ether Acetate (Cellosolve Acetate) 
Ethylene Oxide 
Fluorides 
Formaldehyde 
Hexachlorocyclopentadiene 
Hydrogen Chloride 
Hydrogen Cyanide 
Hydrogen Sulphide 
Inhalalable Particulates (Less than 10 micrograms) 
Lead 
Manganese Compounds 
Mercaptans 
Mercury 
Mercury (Alkyl) 
Methane Diphenyl Diisocyanate 
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Methyl Isobutyl Ketone 

Methylene Chloride | 
4,4-Methylene-bis-2-chlorol-aniline 
Naphthalene 

Nickel oa 

Nickel Carbonyl 

Nitrogen Oxides 

Nitrous Oxide 

Ozone 

Pentachlorobenzenes 

Pentachlorophenol 

Perchloroethylene 

Phenol 

Phosgene 

Phosphine 

Polychlorinated Biphenyls (PCB's) 
Polycyclic Aromatic Hydrocarbons (PAH's) 
Potassium Cyanide (As total salt) 
Potassium Hydroxide 

Propionaldehyde 

Propionic Acid 

Propylene Glycol Methyl Ether 

Propylene Glycol Monomethyl Ether Acetate 
Propylene Oxide 

Selenium 
Silica-respirable (Less than 10 micrometres in diameter) 
Sodium Cyanide (As total salt) 

Sodium Hydroxide 

Styrene 

Sulphur Dioxide 

Sulphuric Acid 

Suspended Particulate Matter (Less than 44 microns in size) 
Tetrachlorobenzenes 

Tetrachlorophenols 

Thiourea 

Tim 

Toluene 

Toluene Diisocyanate 

Total Reduced Sulphur (TRS) 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane (Methyl Chloroform) 
Trichlorobenzenes 

Trichloroethylene 

Tricholorophenols 

Vinyl (Chloride 

Xylenes 

1,3 Butadiene* 

Polycyclic organic matter* 

Trichromium* 


ne UUEEEEIEIEIEUEDddSSSS SSUES aS SSE 


* Added during the course of the study 
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EXHIBIT 2.3: LIST OF SECTORS COVERED 


HinineaDinacst ies:?, 


0611 Gold Mines (open pit only) 
0617 Iron Mines (open pit only) 


Food Industries 


1011 Meat and Meat Products Industry 
1012 Poultry Products Industry 

1021 Fish Products Industry 

1049 Other Dairy Products Industries 


(Whey drying only) 
Paper and Allied Products Industries 


2711 Pulp Industry 
2712 Newsprint Industry 
2713 Paperboard Industry 


Printing, Publishing and Allied Industries 


2811 Business Forms Printing Industry 
2819 Other Commercial Printing Industries 


2821 Platemaking, Typesetting 
and Bindery Industry 


2841 Newspaper, Magazine and Periodical 
(Combined Publishing and Printing) Industry 


2849 Other Combined Publishing 
and Printing Industries 


Iron and Steel Industries 

2911 Ferro-Alloys Industry 

2912 Steel Foundries 

2919 Other Primary Steel Industries 
Foundries 


2941 Iron Foundries 


2959 Other Primary Smelting and Refining of 


Non-Ferrous Metal Industries 


2971 Copper and Copper Alloy Rolling, 
Casting and Extruding Industry 


2999 Other Rolled, Cast and Extruded Non-Ferrous 


Metal Products Industries 


Plants 


a3 


63 


Employees 


1210 
700 


8077 
stage 


Js 8 


7209 
6189 
PINES 


4228 
23601 


6133 
12205 


528 


16 
39009 
2205 


yeule 
LiL 
2149 


5623 
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BTA cca eae Minette ean 
EXHIBIT 2.3: LIST OF SECTORS COVERED (Contimued) 


Automobile and Automotive Parts 
3231 Motor ‘Vehicle and Parts Industries 


(Painting activities only) | ota 125769 
3254 Motor Vehicle Steering 
and Suspension Parts Industry 32 7106 
3255 Motor Vehicle Wheel and Brake Industry 
(Brake lining & aluminum wheel plants only) 6 1570 
3259 Other Motor Vehicle Accessories, Parts 
and Assemblies Industries (Batteries only) 5 548 


Non-Metallic Mineral Products Industries 


3511 Clay Products Industry (From Domestic Clay) 26 1405 
3512 Clay Products Industry (From Imported Clay) Sok 1187 
3521 Hydraulic Cement Industry 8 2092 
3571 Abrasives Industry 25 1906 
3581 Lime Industry 9 885 


Refined Petroleum Products Industries 
3611 Refined Petroleum Products Industry ; v7] 3810 
Asphalt Paving Plants 


3699 Other Petroleum and Coal Products Industries 
(Portable asphalt paving plants) 24 


Inorganic Chemical Products Industries 


3711 Industrial Inorganic Chemical 
Industries n.e.c. 67 7905 


Organic Chemical Products Industries 
3712 Industrial Organic Chemical 


Industries n.e.c. a) 7114 

3721 Chemical Fertilizer 
and Fertilizer Materials Industry 13 1279 
3731 Plastic and Synthetic Resin Industry 80 5539 
3751 Paint and Varnish Industry ; 98 6185 
3791 Printing Ink Industry 40 1693 
3792 Adhesives Industry 43 1469 
3799 Other Chemical Products Industries n.e.c. 188 - 9891 


Electric Power Generation 


4911 Electric Power Systems Industry 
(Fossil fuel fired stations only) 6 


inSad| 


EXHIBIT 2.3: LIST OF SECTORS COVERED (Contimued) 


Waste Disposal’ 7, 


4999 Municipal Landfills 47 
4999 Municipal and Commercial Incinerators 3 
4999 Sewage Sludge Incinerators S 
4999 Hospital Incinerators 100 
Restaurants 
9211-9213 Restaurants, 
(Charcoal barbecue restaurants only) 200 
Dry Cleaners 


9721 Power Laundries and/or Dry Cleaners 1200 
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